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(X)RRECTI0N8  AND  INSERTIONS 

All  contributors  to  volume  7  have  been  invited  to  send  in  corrections  and  inser 
tions  to  be  made  in  their  compositions,  and  the  volnme  has  been  scanned  with 
some  care  by  the  Editor.  The  following  are  such  corrections  and  insertions  as  an* 
deemed  worthy  of  attention  : 

Page     2,  line  15  from  top ;  /or  "  Taft "  read  "  Taflf " 
"    104,    "      1     "      "  ;  /(>r*'microline"r«wf  "microcline" 
"    152,   **    14    "      **  ;  transfer  *' when"  to  line  above  after  "pressure" 

"    168,  under  MelonUes  multiportis,  number  2290,  column  7,  irangpoM  " " 

and  ''Truncates  initial  plate  3." 
"    212,  line  22  from  top ;  for  "  their  regular  "  read  "  the  irregular  " 
"    236,   **      2    **      "   ; /or  "  order "  read  "  subclass  " 
**    249,   "     13    "      **   ;/or  "I"  rtfrtd^J" 
"    256,  footnote ;  for '*  Journal  "  read  "  Journey  ** 


261,        "       ;  for  "  Beitrage  "  read  "  Beytrage  " 
"    270,  line  3  from  top ;  for  "  above  "  read  /*  about  '* 
"    274,  footnote;  for  **  Deacrip^Oo"  read  "  Descrip^&o  " 
"    277,        "       ;  for  "  Capenena  "  read  "  Capenema  " 
•'    278,        •'       ; /or '*JJ  Beitrage '*r«M«"JJ  Beytrage" 

320,  line  16  from  top ;  for ''  Herbert "  read  **  Hebart** 

356,  footnote;  for  **  14.93"  read  "  13.466" 
**    359,  lines  20  and  22  from  top ;  for  "  Chamberlain  "  read  "  Chamberlin  " 
**    532,  line  17  from  top;  insert  Moritz  Fischer,  Field  Columbian  Museum,  Chi- 
cago, 111.     May,  1889. 
'*    538,  line  2  from  top ;  for  "  228  "  read  *'  229." 
"    538,    *'    3     "       "; /or**  141  "read  "142." 
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Session  op  Tuesday,  August  27 

The  Society  convened  at  10  o'clock  a.  m.  in  the  lecture-room  in  the  Art 
Museum  of  the  City  Library  Association,  the  President,  Professor  N.  S. 
Shaler,  in  the  chair.  After  calling  the  meeting  to  order  the  President 
introduced  the  Librarian  of  the  City  Library  Association,  Reverend 
William  Rice,  D.  D.,  who  made  a  brief  address  of  welcome.  The  Presi- 
dent responded  to  this  address,  and  then  announced  the  death  of  two 
Fellows,  James  D.  Dana  and  Henry  R.  Nason. 

ELECTION  OF  FELLOWS 

The  Secretary  announced  the  result  of  the  balloting  for  Fellows,  as 
canvassed  by  the  Council,  as  follows : 

FeUows  Elected 

Samuel  Prentiss  Baldwin,  A.  B.,  Cleveland,  Ohio.    Lawyer. 
OuvER  CuMMiN€»  Farrikgton,  B.  S.,  Ph.  D.,  Chicago,  Illinois.    In  charge  of  De- 
partment of  Geology,  Field  Columbian  Museum. 

I— Bull  Giol.  Soo.  Ah.,  Vol.  7,  1895.  (1) 
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GxoBQS  B;ft8kt**uRiMSLBY,  B.  A.,  M.  A.,  Ph.  D.,  Colambos,  Ohio.     Professor  of 

Qeolag^^h  Washburn  College,  Topeka,  Kansas. 
FsBDEsicK  Putnam  Gulliver,  A.  B.,  A.  M.,  Norwich,  Connecticut.    Now  engaged 
^  •*  WiH'fesearch  work  in  Physical  Geography. 
•\\iekn  Bell  Hatcher,  Ph.  B.,  Princeton,  New  Jersey.    Assistant  in  Geology  and 
•  *       Curator  of  Vertebrate  Paleontology,  Princeton  College. 
Edward  Bennett  Mathe^vs,  A.  B.,  Ph.  D.,  Baltimore,  Maryland.    Instructor  in 
*  •;    •  Petrography  and  Mineralogy,  Johns  Hopkins  University. 

John  Campbell  Merriam,  B.  S.,  Ph.  D.,  Berkeley,  C^ifomia.    Instructor  in  Paleon- 
tology in  the  University  of  California. 
Henry  Benjamin  Charlbb  Nitze,  B.  Sc.,  E.  M.,  Baltimore,  Maryland.    Engaged 

in  Economic  Geology  upon  the  North  Carolina  Geological  Survey. 
Frederick  Leslie  Ransome,  B.  S.,  Berkeley,  California.    Fellow  in  Mineralogy  in 

the  University  of  California. 
Joseph  A.  Taft,  B.  S.,  Washington,  District  of  Columbia.    Assistant  Geologist, 

U.  S.  Geological  Survey. 
Charles  Schuchebt,  Washington,  District  of  Columbia.     Assistant  Curator,  De- 
partment of  Paleontology,  U.  S.  National  Museum. 

The  report  of  the  committee  on  the  Royal  Society  catalogue  of  scientific 
papers,  which  was  laid  upon  the  table  at  the  Baltimore  winter  meeting 
for  printing,*  was  taken  from  the  table  for  final  action  and  adopted 
without  debate. 

A  report  from  the  special  committee  on  the  Mount  Rainier  Forest  Re- 
serve was  read  by  the  Secretary.  This  report  described  the  efforts  of  the 
committee  to  secure  favorable  action  by  the  late  Congress,  their  labors 
thus  far  being  unsuccessful.  The  report  was  accepted  as  a  report  of 
progress,  and  the  committee  was  continued,  with  the  addition  of  the 
President  to  its  membership.  The  committee  now  consists  of  S.  F.  Em- 
mons, Bailey  Willis  and  N.  S.  Shaler. 

It  was  voted  to  adopt  the  rule  regarding  the  order  of  papers  in  reading 
which  had  been  in  force  the  three  previous  meetings. 

The  reading  of  papers  was  declared  in  order,  and  the  first  paper  read 
was  as  follows : 

CHAMPLAIN  GLACIAL  EPOCH 
BY  C.    H.    HITCHCOCK 

[Abstract] 

Accepting  the  view  of  James  Geikie  of  the  divisibility  of  the  Ice  age  into  a  series 
of  temperate  and  glacial  epochs,  one  desires  to  determine  the  positions  of  the  sev- 
eral deposits  in  North  America,  especially  on  the  Laurentian  area.  It  seems  prob- 
able that  the  Scanian  Pliocene  epoch  of  Geikie  may  be  matched  by  the  Lafayette ; 

*See  this  publication,  vol.  6«  p.  467. 
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the  Saxonian  epoch  of  Geikie  may  be  correlated  with  the  Kansan  stage  of  Chamber- 
lin,  and  00  the  European  Polandian  may  have  been  the  equivalent  of  the  Iowa 
stage.  Aathors  have  also  correlated  the  Mecklenburg  of  Geikie  with  the  Wisconsin 
of  CSiamberlin.  So  &r  there  seems  to  be  agreement,  but  the  remaining  epochs  are 
paralleled  with  great  difficulty.  I  desire  to  call  attention  to  the  Champlain  de- 
posits and  ask  whether  they  were  not  laid  down  during  a  period  of  cold.  I  will 
specify  a  few  of  their  features : 

1.  The  term  Champlain  was  first  applied  by  me  in  1861  to  the  fossiliferous  clays 
of  the  Champlain  and  Saint  Lawrence  valleys.  It  included  two  marine  sets  of 
stmta,  the  lowest  carrying  shells  like  Leda  at  considerable  depths;  the  upper 
chamcterized  by  littoral  mollusca,  like  Saxvcava,  and  certain  delta  deposits. 

2.  The  species  are  such  as  now  live  in  Arctic  regions,  as  Labrador,  none  of  them 
coming  south  of  the  north  part  of  the  gulf  of  Saint  Lawrence.  Dawson  describes 
207  species,  and  my  Portland,  Maine,  catalogue  gives  121  species,  almost  entirely 
included  in  the  Canadian  list.  On  the  Atlantic  coast  this  Labrador  fauna  has  been 
recogniiEed  as  far  south  as  Gloucester,  Massachusetts,  but  the  influence  of  what  was 
probably  the  same  climate  extended  to  Nantucket,  where  the  upper  Sankaty  Head 
beds  contained  shells  whose  summer  temperature  must  have  been  from  55**  to  60^ 
Fahrenheit,  fifteen  degrees  colder  than  the  warmer  season  of  the  creatures  living 
in  the  lower  Sankaty  Head  beds. 

3.  The  land  near  New  York  seems  to  have  been  depressed  at  this  time  from  50 
to  75  feet ;  in  northern  Vermont  the  depression  amounted  to  400  feet,  and  to  600 
feet  at  Montreal.  The  deformation  amounted  to  about  one  and  one-fourth  feet  to 
the  mile.  / 

4.  With  such  a  change  of  level  south-flowing  streams  would  have  their  sources 
depressed  very  much  more  than  their  mouths,  and  hence  they  would  contribute 
extensive  deposits  of  fluviatile  clay,  such  as  are  recognized  in  the  middle  terraces. 
Some  of  these  beds  carry  leaves  of  Arctic  plants,  indicating  a  colder  climate  than 
now  prevails,  and  at  Hoboken  they  hold  fresh- water  diatoms  nearly  at  the  sea- 
level. 

5.  Seventy-nine  species  of  maritime  plants  bordering  the  great  lakes  as  fSstr  as 
Minnesota,  marine  shrimps  and  insects  upon  lake  Superior,  and  such  fish  as  2H- 
g^opti*  thomp9oni  in  lake  Michigan  required  the  presence  of  ocean  water  to  bring 
them  to  their  present  habitats,  so  that  a  submergence  of  tlie  interior  of  the  conti- 
nent for  700  or  800  feet  is  called  for,  and  probably  the  time  was  that  of  the  deposi- 
tion of  the  Champlain  clays. 

6.  The  development  of  the  fluviatile  clays  often  blocked  up  the  courses  of  the 
rivers,  so  that  the  renewed  stream  was  compelled  to  change  its  course  and  fall  over 
ledges,  and  this  phase  of  action  belonged  to  the  Champlain  epoch.  Illustration  < 
of  this  change  of  bed  are  to  be  found  on  the  Merrimack  river  at  Lawrence  and 
Lowell,  Massachusetts,  and  Manchester,  New  Hampshire ;  on  the  Connecticut  at 
Holyoke,  Turners  Falls,  Massachusetts,  and  Bellows  Falls,  New  Hampshire. 

7.  With  a  submergence  of  probably  of  from  1,000  to  1,500  feet  in  the  lower  Saint 
lAwrence  and  an  Arctic  climate,  glaciers  would  form  on  three  or  four  mountainous 
regions,  as  the  Laurentides,  Green  and  White  mountains  and  the  Adirondacks,  and 
would  discharge  bergs  in  an  inter-island  area,  involving  the  attendant  dispersion  of 
boulders.  There  would  likewise  have  been  a  southwest  current  from  the  Arctic 
regions  between  Labrador  and  Newfoundland,  which  carried  cooling  influences 
over  the  whole  of  the  Champlain  area  and  originated  till  and  southwest  strife. 
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8.  More  particularly  the  signs  of  local  glaciers  have  been  pointed  out  by  my 
father  and  myself  for  the  Green  mountains  in  Massachusetts  and  Vermont;  by  L. 
Agassiz  and  myself  for  the  White  mountains ;  by  myself  for  the  whole  northwest 
border  of  Maine,  and  by  Ells  and  Chalmers  for  Quebec.  The  latter  authors,  with 
Dawson,  are  disposed  to  believe  that  there  were  no  other  than  local  glaciers  in  the 
whole  northern  slope  of  the  Atlantic  district ;  but  we  have  evidence  of  older  ice- 
sheets  from  a  lower  till  in  the  Chaudiere  valley,  from  the  same  at  Bethlehem,  New 
Hampshire  (Agassiz),  and  from  the  peculiar  dispersion  of  boulders  down  the  Am- 
monoosuc  valley  from  the  west  flanks  of  the  White  mountains.  There  can  be  no 
question  of  the  presence  of  local  glaciers  in  northern  New  England,  passing  over 
sheets  of  underlying  till  that  were  laid  down  by  a  mightier  oilacier ;  but  it  is  a 
matter  of  inference  that  these  were  coeval  with  the  Champlain  depression. 

9.  The  drumlins  of  eastern  Massachusetts  were  probably  formed  at  this  same 
Champlain  epoch,  for  they  contain  not  less  than  55  species  of  moUusca  (Crosby), 
in  fragmental  condition,  which  lived  in  an  earlier  temperate  climate.  They  are 
not  Pliocene,  and  hence  belong  to  the  Pleistocene.  They  have  been  transported 
by  ice  from  Massachusetts  bay  upward  into  the  drumlins  some  300  or  400  feet 
The  glacier  or  possibly  floating  ice  that  transported  these  shells  must  have  belonged 
to  a  late  date,  and  may  for  the  present  be  correlated  with  the  Cliamplain. 

10.  It  is  possible  to  harmonize  the  glacier  and  iceberg  theories  by  accepting  the 
above  mentioned  facts.  The  Lyellians  demand  nothing  more  than  is  conceded  by 
the  adoption  of  the  Champlain  epoch  as  one  of  the  glacial  stages.  Those  who 
adopt  the  diversity  theory  of  ice  ages  are  willing  to  give  the  Lyellians  one  eixx;h 
when  they  can  find  everything  else  to  correspond  with  their  views.  If  these  ex- 
tremes can  thus  join  hands  over  this  icy  chasm  there  need  be  no  more  animated 
discussion  over  fundamental  principles. 

11.  The  Champlain  epoch,  as  now  defined,  corresponds  very  well  with  the  Meck- 
lenburg stage  of  Geikie,  for  both  had  the  characteristic  marine  moUuscan  fiiuna, 
the  Arctic  flora  (Yoldia  beds  of  the  Baltic),  and  best  illustrate  the  isobases  of  De 
Geer.  The  abundant  moraines  of  the  Baltic  area  may  And  an  analogue  in  the 
drumlins  of  the  east,  and  perhaps  the  Wisconsin  moraine  may  also  be  correlated 
with  the  Champlain. 

The  paper  by  Professor  Hitchcock  was  discussed  at  length,  the  follow- 
ing Fellows  participating :  I.  C.  White,  J.  F.  Kemp,  J.  W.  Spencer,  W. 
M.  Davis,  H.  S.  Williams  and  N.  S.  Shaler. 

The  second  paper  was — 

GLACIAL  QBNBSEE  LAKES 
BY  HERMAN  L.    FArRCHILD 

The  paper  was  discussed  by  I.  C.  White,  J.  W.  Spencer,  N.  S.  Shaler, 
H.  S.  Williams  and  W.  M.  Davis. 

Following  the  discussion  of  the  above  paper  the  Society  adjourned  for 
the  noon  recess. 
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Upon  reassembling  at  2.15  o'clock  p.  m.  the  following  paper,  descriptive 
of  the  geology  of  the  locality,  was  read : 

OBOLOGY  OF  OLD  HAMPSHIRE  COUNTY,  IN  MASSACHUSETTS 

BY  B.    K.   EMERSON 

[Abstract] 
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The  Area  discussed 

Old  Hampshire  county  includes  Franklin,  Hampshire  and  Hampden  counties, 
and  Springfield  is  in  the  center  of  the  latter. 

The  Crystalline  Rocks 

On  tlie  western  border  of  the  Green  Mountain  area  as  it  crosses  Massachusetts 
and  overlooking  the  Housatonic  valley  is  a  series  of  pre-Cambrian  outcrops,  which 
are  the  oldest  rocks  of  the  state  and  the  substratum  on  which  the  others  rest. 
They  consist  of  coarse  gneisses,  especially  characterized  by  blue  quartz  and  allanite, 
coarse  porphyritic  structure  and  stretching,  and  by  great  beds  of  highly  crystalline 
limestone,  with  chondrodite,  coccolite,  titanite,  phlogopite  and  wemerite. 

The  most  important  of  these  beds  are  the  Hoosac,  the  Hinsdale  and  the  Ty ring- 
ham  areas,  and  the  limestone  beds  connected  with  the  two  latter  have  caused  the 
two  most  important  passes  through  the  range — the  Westfield  and  the  East  Lee- 
Farmington  valley. 

On  the  pre-Cambrian  rocks  rest  the  Becket  conglomerate  gneisses  of  Cambrian 
age,  and  above  them  a  great  series  of  sericite  schists  (the  Hoosac  schists,  Rowe 
sehuts,  Chester  amphibolite  and  Hawley  schists),  which  are  about  cotemporaneous 
with  the  Stockbridge  limestone  of  the  Housatonic  valley. 

The  Chester  amphibolite  series,  containing  many  serpentine  beds  and  the  cele- 
brated Chester  magnetite-emery  bed,  divides  this  series  into  two  members,  and  the 
highly  ferruginous  Hawley  schists  cap  the  series  in  the  northern  part  of  the  state. 

A  considerable  unconformity  separates  the  next  series— the  calciferous  mica- 
pchists  of  Hitchcock  (the  Goshen  and  Conway  schists)— from  the  sericite-schists. 
These  are  dark  biotite-spangled  garnet-schists,  which  are  probably  Upper  Silurian. 
They  are  greatly  cut  by  large  granite  masses  and  graduate  upward  into  the  Leyden 
argillites.  Upon  these  rest  unconformably  the  Upper  Devonian  Bernardston  series 
of  highly  crystalline  amphibolites,  mica-schists  and  fossiliferous  quartzites  and 
limestones. 

Crossing  from  the  Housatonic  to  the  Connecticut,  one  passes  from  a  region  of 
rocks  which  have  been  folded  under  a  heavy  load  without  faulting  to  an  area 
which  has  been  deformed  under  an  inadequate  load,  and  which  is  faulted  into 
great  blocks  and  greatly  cut  by  granites. 
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The  Trias  occupies  the  broad  valley  of  the  Connecticut,  beginning  in  West  field, 
near  the  state  line,  as  a  narrow  remnant  and  widening  as  it  crosses  the  Connecticut 
line  to  above  20  miles. 

It  consists  of  (1)  very  coarse  conglomerate  along  its  eastern  border — the  mount 
Toby  conglomerate ;  (2)  of  a  coarse  arkose  or  feldspathic  sandstone  and  conglom- 
erate on  the  western  border — the  Sugarloaf  arkose ;  (3)  of  a  rusty  sandstone— the 
Longmeadow  brownstone — in  its  more  central  parts ;  (4)  while  down  the  central 
line  of  the  valley  a  series  of  shales  and  calcareous  beds  marks  the  deepest  portion 
of  the  ancient  bay.  The  deposition  of  these  coarse  sediments  was  interrupted  by 
the  outflow  of  the  great  Deerfield  and  Holyoke  trap-sheets,  which  were  submarine 
and  which,  filling  up  the  deeper  portion  of  the  channel,  have  been  covered  by  fine 
calcareous  mud.  This  mud  has  been  intimately  mingled  with  the  sooracious  upyot 
surface  of  the  trap  for  12  miles,  and  also  underroUed,  so  that  similar  masses  form 
the  base  of  the  bed. 

After  the  deposition  of  sand  had  deeply  covered  the  great  trap-beds  mentioned 
above,  another  bed  flowed  out  over  the  sea  bottom,  and  immediately  following 
this  came  an  explosive  eruption  at  a  point  south  of  mount  Holyoke,  which  spread 
tufi*  over  a  broad  area  of  eea  bottom.  This  was  followed  by  a  long  series  of  isolated 
outbursts  of  trap  along  the  old  fissure  by  which  the  great  flows  had  come  up  earlier, 
which  may  have  formed  volcanoes  on  the  surfiice,  but  which  appear  now  as  cores 
cutting  across  all  the  other  rocks. 

The  character  of  the  basin  in  which  the  beds  were  deposited,  the  succession  of 
the  same  and  the  subsequent  monoclinal  Suiting  and  erosion  were  illustrated  by 
detailed  maps  and  models. 

• 

Tub  Quatebnary  Deposftb 

A  detailed  map  of  the  surface  geology  was  exhibited,  the  drumlins  and  other 
forms  of  till  being  shown  in  detail,  and  attention  was  especially  called  to  the  map- 
ping of  the  glacial  lake  and  stream  beds. 

The  area  is  divided  into  three  topographic  parts— the  eastern  and  western  plateaus 
and  the  central  valley  of  the  Connecticut  river.  This  valley  runs  north  and  south, 
while  the  ice  retreated  north  35°  west,  with  a  lobe  extending  down  the  central 
valley.  This  enabled  the  ice  to  free  the  eastern  side  valleys  in  their  headwaters 
first,  causing  a  series  of  lakes,  which  drained  off  east  of  the  Connecticut  river. 
This  was  followed  by  the  series  of  Connecticut  lakes— the  Montague,  the  Hadley 
and  the  Springfield  lakes— occupying  the  broad  valley  bottom,  and,  finally,  a  series 
of  stream  beds  was  formed  by  the  retreat  of  the  ice  across  the  western  plateau  and 
up  the  preexistent  valleys  from  their  mouths  to  their  sources. 

Attention  was  called  to  the  distinction  of  filled  and  unfilled  lakes,  and  to  the 
repulsion  of  tributaries  across  construction  terraces.  It  was  shown  that  the  tribu- 
taries run  for  long  distances  parallel  to  the  main  stream,  because  the  terrace  is  made 
up  of  many  confiuent  islands,  around  the  lower  ends  of  which  the  tributary  suc- 
cessively finds  its  way. 

Attention  was  also  directed  to  the  great  preponderance  of  ox-bows  and  bends  on 
the  right-hand  side  of  the  Connecticut  and  its  tributaries,  where  they  cross  the 
fine  sands  and  clays  of  the  Champlain  epoch— an  effect  to  be  referred  to  the  rota- 
tion of  the  earth. 
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Remarks  were  made  upon  the  paper  by  W.  M.  Davis,  C.  H.  Hitchcock 
and  C.  R.  Van  Hise. 

The  next  paper  was — 

EOCENE  FAUNA  OF  THE  MIDDLE  ATLANTIC  SLOPE 

BY  WILLIAM  B.   CLARK 

The  following  two  papers  were  read  by  the  senior  author  as  a  single 
paper : 

STUDIES  OF  MELONITES  MUL  TIPORA 

BY  B.   T.   JACKSON  AND  T.   A.   JAGOAR 

STUDIES  OF  PALECHINOIDA 
BY  R.   T.   JACKSON 

The  papers  were  discussed  by  A.  Hyatt  and  N.  S.  Shaler.    They  are 
printed  in  full  in  this  volume. 

The  following  paper  was  read : 

PRE-CAMBRIAN  VOLCANOES  IN  SOUTHERN  WISCONSIN 

BY  WILLIAM  H.   HOBB8 

Remarks  were  made  by  C.  K  Van  Hise  and  Florence  Bascom. 
The  next  paper  was — 

OSOLOOICAL  SKETCH  OF  THE  SIERRA   TL  AY  AC  AC,  IN  THE  STATE  OF  MORELOS, 

MEXICO 

BY  A.   CAPEN  GILL 

Remarks  were  made  by  W.  M.  Davis,  B.  K.  Emerson,  N.  S.  Shaler  and 
J.  \V.  Spencer. 

The  Society  adjourned.    No  evening  session  was  held. 


Session  op  Wednesday,  August  28 

The  Society  was  called  to  order  at  9  o'clock  a.  m.,  the  President  in  the 
chair. 
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The  first  paper  read  was — 

BEARING  OF  PH7SIOORAPHY  ON  UNIFORMITAEIANISM 

BY  W.  M.  DAVIS 

I  Abstract'] 

It  is  desirable  to  open  this  brief  paper  with  a  definition  of  physiography  and 
geography,  the  latter  being  the  study  of  the  earth  in  relation  to  man,  the  former 
being  such  study  of  the  earth  as  is  necessary  in  order  to  understand  its  relation? 
to  man.  One  of  the  important  divisions  of  physiography  concerns  itself  with  the 
study  of  the  lands ;  and  in  order  to  appreciate  the  existing  fsLcts  of  land  form,  their 
development  is  carejfully  considered.  This  division  of  the  subject  covers  geomor- 
phology  and  geomorphogeny  of  some  authors,  the  genetic  considerations  being  in- 
cluded under  physiography,  not  for  their  own  sake,  but  for  the  light  that  they 
throw  on  land  morphology.  For  example,  in  attempting  to  understand  the  geo- 
graphical conditions  of  Pennsylvania,  including  therein  the  distribution  of  popu- 
lation, products  and  industries  in  their  relation  to  the  features  of  land  form,  it  is 
essential  that  both  classes  of  £Eu:ts  should  be  accurately  known ;  and  it  is  the  duty 
of  physiography  to  supply  a  fitting  account  of  the  second  class  of  facts. 

An  absolute,  empirical  description  of  the  land  forms  is  unsatisfactory ;  it  is  arbi- 
trary in  arrangement,  un83'mpathetic  with  the  real  life  of  the  forms  concerned  and 
generally  very  unsuccessful  in  its  effort  to  see  the  facts  that  are  to  be  described. 
For  these  reasons  a  description  based  upon  natural  genetic  conditions  is  to  be  pre- 
ferred ;  it  is  rational  in  arrangement,  thoroughly  sympathetic  with  the  real  life  of 
the  land  and  most  aidful  in  bringing  to  sight  and  mind  the  characteristic  elements 
of  form ;  it  enlivens  physiography  much  in  the  same  way  that  the  principle  of 
evolution  has  enlivened  botany  and  zoology.  It  thus  becomes  the  duty  of  the 
physiographer  to  acquaint  himself  with  the  development  of  land  features,  not 
merely  that  he  should  understand  the  process  and  sequence  of  development,  but 
chiefly  so  that  he  shall  better  perceive  the  products  of  development  The  land 
chapter  of  physiography  might  therefore  be  defined  as  the  study  of  the  earth  in 
relation  to  its  surface  forms,  including  the  arrangement  and  character  of  the  ele- 
ments of  form.  Knowing  that  existing  forms  are  dependent  on  antecedent  condi- 
tions, physiography  might  be  defined,  following  Mackinder,  as  the  ''study  of  the 
present  in  the  light  of  the  past.''  The  results  of  this  study  furnish  us  a  knowledge 
of  the  earth  with  which  we  enter  geography. 

Geology  is  the  study  of  the  earth  in  relation  to  time:  The  guiding  principle  in 
this  study  is  that  present  processes  are  the  best  guides  to  the  understanding  of  past 
processes,  this  being  the  teaching  of  Hutton  and  the  British  school  in  general. 
Geology  may  therefore  be  defined,  again  following  Mackinder,  as  the  "  study  of  the 
past  in  the  light  of  the  present."  Uniformitarianism,  reasonably  understood,  is 
not  a  rigid  limitation  of  past  processes  to  the  rates  of  present  processes,  but  a 
rational  association  of  observed  effects  with  competent  causes.  Events  may  have 
progressed  both  faster  and  slower  in  the  past  than  during  the  brief  interval  which 
we  call  the  present,  but  the  past  and  present  events  differ  in  degree  and  not  in 
kind.  This  rather  elastic  understanding  of  uniformitarianism  seems  to  me  com- 
paratively safe  from  the  objections  that  have  been  urged  against  the  more  rigid 
conception  that  some  authors  regard  as  necessarily  intended  in  the  writings  of 
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Hutton,  Play&ir  and  Lyell,  especially  safe  if  the  very  remote  hypothetical  past  of 
unrecorded  time  is  not  considered. 

Now,  the  conditions  and  processes  postulated  in  the  physio^ptiphic  study  of  land 
forms  are  among  the  cardinal  principles  of  uniformitarianism.  The  success  in  the 
interpretation  of  nature  by  arguments  based  on  these  postulates  confirms  their  cor- 
rectness, and  thus  brings  to  the  support  of  uniformitarianism  a  large  class  of  £Eu;ts, 
whose  bearing  on  these  principles  was  not  at  all  perceived  when  they  were  an- 
nounced by  their  early  advocates ;  indeed,  at  that  time  and  for  a  long  interval 
afterward  the  fiicts  here  referred  to  were  not  known.  The  &cts  are  those  concern- 
ing the  form  and  arrangement  of  rivers  and  river  valleys,  as  dependent  on  the 
denudation  of  the  lands. 

In  older  geological  and  geographical  writings,  valleys  have  been  explained  as 
fractures  in  the  earth's  crust  or  as  the  channels  formed  by  ocean  currents  during  a 
time  of  submergence.  The  modern  explanation,  so  apparent  and  so  acceptable  to 
ufl  now,  that  most  valleys  are  the  result  of  tlie  wasting  of  the  land  under  the 
guidance  of  the  local  stream  or  river,  slowly  gained  acceptance  through  the  middle 
of  this  century ;  but  the  wide  application  of  this  explanation— that  land  areas  may 
be  practically  baseleveled  by  the  wasting  of  slopes  until  the  hills  disappear  and  the 
valley  floors  become  essentially  confluent — is  still  overlooked  by  many  geologists. 
Singularly  enough,  the  British  school  of  geologists  is  especially  slow  in  making  this 
application  of  the  principles  of  uniformitarianism ;  even  when  furthest  inland  the 
British  geologist  is  still  so  little  removed  from  the  ocean  shore  that  he  prefers  to 
look  on  evenly  denuded  areas  as  surfaces  of  marine  planation  and  not  as  subaerial 
peneplains. 

In  discussing  the  origin  and  arrangement  of  valleys  as  the  result  of  every-day 
proceaaes  there  are  two  important  groups  of  considerations  to  be  borne  in  mind : 
First,  the  incision  of  valleys  along  lines  where  the  streams  took  their  positions  when 
the  land  mass  under  investigation  assumed  essentially  its  present  attitude  with  re- 
spect to  baselevel :  antecedent,  consequent  and  revived  streams  would  come  under 
this  heading;  second,  the  spontaneous  development  of  new  streams  and  rearrange- 
ment of  old  streams,  resulting  from  the  reaction  of  the  streams  on  the  structures : 
subsequent  and  obsequent  streams,*  as  well  as  all  questions  of  migration  of  divides 
and  diversion  of  streams,  would  come  under  this  heading. 

Those  geologists  who  some  fifty  or  sixty  years  ago  turned  attention  to  the  pro- 
duction of  valleys  by  the  work  of  the  streams  that  occupy  them  considered  only 
the  first  of  these  groups  of  considerations,  and  that  incompletely.  They  did  not 
give  particular  attention  to  the  manner  in  which  streams  were  located  at  the  begin- 
ning of  their  erosive  work,  and  they  did  not  carry  the  process  of  valley-widening 
to  its  l^timftte  conclusion.  They  were  chiefly  occupied  with  the  production  of 
young,  adolescent  and  mature  valleys.  The  result  of  their  teaching  is  seen  in  the 
selectioQ  of  narrow  valleys  to  illustrate  the  success  of  streams  as  valley-makers :  the 
stream  cutting  down  its  own  channel  and  carrying  away  the  waste  that  falls  into  it 
from  the  side  slopes.  But  if  success  is  measured  by  the  magnitude  of  work  accom- 
plished, wide-open  valleys  or,  still  better,  peneplains  of  subaerial  denudation,  and 
not  gorges  and  canyons,  should  be  cited  in  illustration  of  what  streams  can  do  in 
the  way  of  valley-making.  This,  however,  is  seldom  the  custom  even  today.  The 
deep  and  narrow  valley  is  truly  more  immediately  impressive  than  the  peneplain. 


•  For  daflaition  of  iermt  lee  (London)  OeographicAl  Journal,  February,  1895,  p.  134. 
II^BCLU  OioL.  Soc.  AMm  Vol.  7,  189S. 


10  PKOCBEDINQS  OF  SPRINGFIELD   MEETING. 

The  canyon  of  the  Deerfield  in  western  Massachusetto  or  of  the  Kanawha  river  in 
West  Virginia  is  a  more  manifest  illustration  of  the  principles  of  uniformitarianism 
than  the  uplifted  peneplain  in  which  it  is  incised ;  but  when  the  meaning  of  the 
peneplain  is  fully  realized  it  will  come  to  be  regarded  as  a  much  more  important 
witness  than  the  goi^  to  the  long  continued  action  of  every-day  processes.  The 
gon^  may  well  be  subpoenaed  first,  but  the  case  will  not  be  fully  proved  until  the 
wide  valley  and  the  peneplain  are  called  in  to  give  their  remarkable  confirmatory 
testimony. 

It  is  only  within  about  twenty  years  that  the  second  group  of  considerations  has 
been  seriously  discussed.  Earlier  writings  show  few,  if  any,  traces  of  them.  For 
example,  in  Major  Powell's  explanation  of  the  canyon  of  Green  river  through  the 
Uinta  mountains,  antecedent  and  subsequent  rivers^are  considered,  but  no  mention 
is  made  of  the  possible  occurrence  of  subsequent  rivers  self  developed  by  headwater 
erosion  along  the  strike  of  weak  strata.  Hence  the  argument  for  the  antecedent 
origin  of  Green  river  deserves  reexamination  with  the  action  of  subsequent  rivers 
in  mind.  Again,  in  various  attempts  to  explain  the  courses  of  the  Susquehanna 
and  other  Appalachian  rivers,  several  authors  of  twenty  or  more  years  ago  omitted 
all  consideration  of  adjustments  of  streams  to  structures  by  processes  of  migration 
of  divides,  because  these  processes  were  not  then  understood.  Today  such  an  omis- 
sion would  be  held  as  invalidating  all  ensuing  conclusions. 

The  newer  discussions  of  the  origin  and  arrangement  of  valleys  must,  therefore, 
attempt  to  give  due  attention  to  both  of  the  groups  of  considerations  indicated 
above.  Postulating  the  essential  principles  of  uniformitarianism ,  the  life  of  a  stream 
should  be  followed  from  the  time  when  it  first  gathers  on  a  new  land  surface  throngli 
all  following  time  down  to  the  present  if  we  would  fully  understand  the  meaning 
of  its  position  and  its  behavior.  Its  active  channel-cutting  after  a  time  of  elevation ; 
the  wasting  of  its  valley  slopes  during  a  time  of  still-standing ;  the  search  thus  un- 
dertaken for  weak  rock  structures,  along  which  subsequent  streams  are  developed 
by  headwater  erosion ;  the  continual  subdivision  of  drainage  areas  and  the  o<*ca- 
sional  diversion  of  neighboring  streams  by  the  growth  of  subsequent  branches ;  the 
adjustment  of  streams  to  structures  thus  accomplished ;  the  meandering  of  mature, 
low-grade  streams  and  the  wandering  of  old  streams  more  or  lera  from  previouely 
acquired  adjustments ;  the  renewal  of  down-cutting  when  elevation  occurs  again ; 
the  more  thorough  adjustment  of  streams  to  structures  in  a  second  cycle  of  erosion 
than  is  possible  in  a  first  cycle;  the  powerful  influence  of  tilting  or  deformation  on 
the  shifting  of  divides ;  the  disturbing  influences  of  climatic  changes,  either  toward 
aridity,  humidity  or  glaciation — these  are  the  more  important  processes  and  condi- 
tions that  must  be  discussed  if  a  river  course  is  to  be  seriously  investigated.  Little 
wonder  that  the  problem  becomes  too  complex  for  complete  solution  in  regions  of 
disorderly  structure  and  long  existence  as  dry  land. 

In  regions  of  no  great  age  and  moderate  structural  complications  the  explanation 
and  therewith  the  appreciation  of  river  courses  may  be  accomplished  with  fair  suc- 
cess. The  most  perfect  example  that  I  have  found  for  illustrating  the  problem  i^ 
in  the  neighl)orhood  of  Chal6n8-sur-Mame,  in  northeastern  France,  where  the  sub- 
sequent branches  of  the  Mame  and  the  Aube  have  diverted  certain  neighboring 
consequent  streams  in  the  most  systematic  and  symmetric  manner.  The  story  is 
too  long  for  narration  here,  but  it  may  be  found  by  those  who  care  for  details  in  a 
forthcoming  number  of  the  National  Greographic  Magazine,  in  an  article  entitled 
**  The  Seine,  the  Meuse  and  the  Moselle."    Hardly  less  satisfactory  and  much  more 
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exteiMive  are  the  examples  furnished  by  the  rivers  which  drain  the  area  of  the 
secondary  rocks  in  eastern  England,  of  which  I  have  given  some  account  in  the 
(London)  Geographical  Journal  for  February,  1895. 

It  is  not,  however,  so  much  the  result  of  these  studies  as  the  bearing  of  the  result 
upon  the  postulates  on  which  they  are  based  that  I  desire  to  bring  before  the  So- 
ciety. Certain  assemblages  of  rivers  and  streams  exist  in  nature.  Their  peculiar 
correlations  are  for  a  long  time  not  appreciated,  if  seen.  Generally  they  are  not 
even  seen.  When  at  last  they  are  detected  and  studied  out  it  is  found  that  they 
find  full  explanation  in  accordance  with  the  principles  of  uniformitarianism,  prin- 
ciples that  were  announced  long  before  any  such  studies  were  attempted.  The 
deepening  of  a  valley  by  its  stream  is  a  slow  process ;  the  widening  of  the  valley  by 
the  wasting  of  its  slopes  is  still  slower ;  the  development  of  subsequent  streams  by 
headwater  erosion,  the  accompanying  migration  of  divides,  and  the  resulting  re- 
arrangement and  adjustment  of  waterways  are  slowest  of  all.  The  deepeninc:  of  a 
canyon  is  a  rapid  process  compared  to  the  creeping  of  a  divide.  Even  the  widen- 
ing of  a  mature,  one-cycle  valley  is  soou  done  compared  to  the  accomplishment  of 
fully  developed  adjustments  of  (iV-f- 1)  cycles.  Here,  if  anywhere,  the  slow  pro- 
cesses of  uniformitarianism  are  justified,  and  the  hurried  processes  of  catastrophism 
are  completely  at  fault. 

To  attempt  to  substantiate  principles  so  widely  accepted  as  those  of  uniformitari- 
anism may  seem  to  some  an  unnecessary  task.  It  might  be  compared  to  adducing 
new  evidence  in  support  of  the  law  of  gravitation ;  but,  as  the  attempt  involves  the 
extension  of  those  principles  into  problems  not  contemplated  by  Hutton,  Play&ir 
and  Lyell  and  most  of  their  disciples,  it  may  deserve  the  little  time  and  the  few 
pages  that  it  occupies. 

The  paper  was  discussed  by  B.  K.  Emerson,  N.  S.  Shaler  and  W.  M. 
Davis. 

The  second  paper  presented  was— 

ANALYSIS  OF  FOLDS 
BY  C.   R.   VAN  HIBE 

Remarks  were  made  by  W.  N,  Rice  and  the  President. 

Professor  Emerson  made  an  announcement  concerning  a  geological 
excursion  under  his  guidance  in  the  afternoon. 

The  President  read  the  following  paper : 

CONDITIONS  AND  EFFECTS  OF  THE  EXPULSION  OF  OASES  FROM  THE  EARTH 

BY   N.    S.   SHALER 

It  was  voted  that  in  calling  for  the  papers  which  had  been  deferred  or 
carried  over  to  the  end  of  the  program  those  papers  whose  authors  were 
absent  should  be  presented  only  by  title. 
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The  following  two  papers  were  read  by  title : 

GLACIAL  DEPOSITS  OF  SOUTHWESTERN  ALBERTA,  IN  THE  riCINITY  OF  THE 

ROCKY  MOUNTAINS 

BY  GBORQS  M.   DAWSON  AND  R.   O.    HCOONNRLL 

The  paper  is  printed  in  full  in  this  volume. 

DRUMLINS  AND  MARGINAL  MORAINES  OF  ICE-SHEETS 

BY   WARRBN    UPUAM 

The  paper  is  printed  in  full  in  this  volume. 
The  following  paper  was  read : 

MARTHAS  VINEYARD  CRETACEOUS  PLANTS^ 
BY  ARTHUR  HOLLICK 

{^Abstrcut'] 

At  the  New  York  meeting  of  this  Society,  in  December,  1889,  Mr  David  White 
read  a  paper  entitled  "Cretaceous  Plants  from  Marthas  Vineyard,"  which  was  pub- 
lished in  ahstract  in  the  proceedings  of  that  meeting.  The  author  subsequently 
published  a  more  extended  account  in  the  American  Journal  of  Science  for  Feb- 
ruary, 1890,  and  figured  a  few  of  the  specimens  which  were  most  readily  identified. 
These  papers  were  based  upon  material  collected  by  the  author  and  Professor  Lester 
F.  Ward  in  the  summer  of  1889.  During^  the  present  year  all  of  the  material  col- 
lected was  turned  over  to  me  for  examination  and  report,  in  addition  to  which 
there  were  a  few  specimens  obtained  personally  during  the  summer  of  1893.  The 
general  results  of  the  examination  of  this  material  it  is  the  purpose  of  this  paper 
to  give. 

As  is  w^ell  known,  Cretaceous  strata,  extending  from  northern  New  Jersey, 
through  Staten  island,  Long  island  and  Marthas  Vineyard,  but  much  contorted 
and  dismembered,  are  found  in  connection  with  the  terminal  moraine.  Cretaceous 
material,  generally  in  the  form  of  ferruginous  shale,  sandstone  or  concretions,  has 
been  discovered,  scattered  through  the  moraine  also,  wherever  it  has  been  care- 
fully explored  in  this  region. 

The  exact  stratigraphic  relations  of  the  strata,  owing  to  their  contortion,  are  diffi- 
cult to  determine,  but  theoretically  they  ou^ht  to  represent  the  upper  members 
of  the  Amboy  Clay  series,  and  Professor  Ward,  in  a  forthcoming  pa^ierf  on  the 
Potomac  Formation,  classes  them  with  Professor  Uhler's  Albirupean  and  calls  them 
the  **  Island  series."  Now  that  the  specimens  have  been  subjected  to  critical  ex- 
amination and  comparison,  it  is  of  interest  to  note  how  the  paleontologic  facts  agree 
with  the  stratigraphic  theory. 

I  have  elsewhere  made  the  comparison  between  the  Cretaceous  fossil  leaves  of 


*  Published  by  permission  of  tlie  Director  of  the  United  States  Geological  Surrey, 
t  In  Fifteenth  Ann.  Report  U.  S.  Geological  Surrey. 
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Long  island,  Staten  island  and  New  Jersey,*  and  shown  that  a  nnmber  of  species 
are  common  to  all  these  localities.  The  material  from  the  two  localities  first  men- 
tioned was  rather  meager,  however,  and,  while  some  specimens  were  well  defined, 
the  majority  were  poor,  so  that  there  was  hardly  a  fair  representation,  numerically, 
with  those  from  New  Jersey. 

In  the  material  now  under  consideration  there  are  about  400  specimens,  of  which 
about  2S0  are  perfect  enough  for  satisfactory  examination.  The  number  of  species 
which  these  will  probably  yield  is  about  100,  of  which  perhaps  15  or  more  will  be 
described  as  new.  The  others  are  referable,  either  definitely  or  provisionally,  to 
previously  described  species  from  middle  Cretaceous  strata — Aniboy,  Dakota,  Atane, 
Patoot,  etcetera — largely  the  same  as  have  been  found  on  Long  island,  on  Staten 
island  and  in  New  Jersey. 

Among  the  most  prominently  represented  species  may  be  mentioned : 

Sphenopteria  grevillioideSj  Heer. 

Thinnfddia  lesqttereuxianay  Heer. 

JuniperuB  hypnoideSf  Heer. 

WiddringtonUes  mbtUis,  Heer. 

FrendiUs  reickii.  Ells. 

Sequoia  amM^ua,  Heer. 

Ficus  herthoudif  Lesq. 

Ficui  JbraiuiaTia,  Heer. 

Juglans  arctica,  Heer. 

Laurus  plutonia,  Heer. 

Laurua  newberryana,  Hollick. 

Sassafras  acutilobum,  Lesq. 

Sassafras  progenitor,  Newb. 

Saiix  protxfoliay  Lesq. 

Myrsine  borealis,  Heer. 

Diospyros  apicukUa,  Lesq. 

Andromeda  paHatorii,  Heer. 

Sapindus  morrisoni,  Heer. 

Steradia  Udntiscaf  Ung. 

SlercuUa  kregen,  Vel. 

PaUuruB  membranaceuSf  Lesq. 

Eucalyptus  geinUzii,  ,Heer. 

Aralia  coriacea,  Vel. 

Aralia  gngnlandiea,  Heer. 

PalsBanihtis  (wiUiamsonia)  probletnalicus,  Newb. 

Carpofithus  spinosus,  Newb. 

Liriodendropsis  simplex,  Newb. 

Liriodendropsis  anguaUf alius,  Newb. 

Magnolia  Umgifolia,  Newb. 

Magnolia  glaucoides,  Newb. 

Magnolia  speciosa,  Heer. 

Magnolia  eapetlini,  Heer.,  etcetera. 


•  PaleoBtotogy  of  the  Cr«t«060Dt  formatioii  on  Staten  Island  et  seq.  Trans.  N.  Y.  Acad.  Scl.,  toI. 
xi,  IM;  pp.  M-IM ;  voL  zii,  IWS,  pp.  SS-dV.  Preliminary  contribution  to  oar  Icnowledge  of  the  Cre> 
iMeoos  formation  on  Long  Uland  and  eastirard  et  eeq.  Trans.  N.  Y.  Acad.  8c I.,  toI.  xil,  1893.  pp. 
t&-S7 :  vol.  zili,  1W4,  pp.  182-10 ;  Ball.  Torrey  Bot.  Glab,  vol.  zxi,  1894,  pp.  4iH{6. 
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New  species  will  probably  have  to  be  recognized  in  the  genera  Ndumbo,  Cin- 
namomunif  Paliurus,  Rhamnus,  Ficus,  OsiMia,  Dewalquea^  Liriodendropgis,  PalxantJiut^ 
Jlex,  PkUamis  and  Bdula. 

The  conifers  and  ferns  are  not  yet  completely  worked  up,  but  will  probably  yield 
quite  a  number  of  characteristic  species. 

Making  due  allowance  for  the  comparative  abundance  of  the  Marthas  Vineyard 
material  as  compared  with  the  paucity  of  that  from  Long  island  and  Staten  island, 
we  are  undoubtedly  justified  in  claiming  the  closest  possible  identity  between  tlie 
strata  at  these  localities  and  to  declare  them  to  be  the  equivalent  of  the  Amboy 
Clay  series.* 

It  is  tinfortunate  that  the  Marthas  Vineyard  material  could  not  be  utilized  for 
the  differentiation  of  the  strata  on  that  island,  but  with  very  few  exceptions  all  the 
specimens  collected  in  place  in  the  clay  strata  are  absolutely  worthless  for  purposes 
of  identification.  All  the  best  specimens  are  in  the  ferruginous  concretions,  whose 
stratigraphic  position  is  generally  in  doubt.  This  is  particularly  to  be  regretted,  as 
some  of  the  specimens  in  clay  were  found  in  strata  which  were  thought  by  some 
authorities  to  be  of  Tertiary  age,  and  a  few  well  defined  leaves  would  probably 
settle  the  point.  It  is  also  of  interest  in  this  connection  to  note  that  certain  leaves 
found  on  Long  island  were  somewhat  hesitatingly  referred  by  me  to  upper  Creta- 
ceous species.  If  the  existence  of  the  entire  series  from  the  plastic  clays  upwani 
could  be  demonstrated,  it  would  be  of  exceeding  interest. 

The  negative  evidence  to  which  these  investigations  bear  witness  is  also  of  im- 
portance. It  will  at  once  be  noted  that  is  no  instance  has  there  been  any  indication 
discovered  of  the  former  existence  of  lower  Potomac  strata  in  this  region.  In  dis- 
cussing this  point  Professor  Ward  says :  f 

"  Here  in  New  Jersey  we  And  the  [Amboy]  clays  in  direct  contact  with  the  red  sandstone  of  the 
Newark  system  as  far  west  as  the  Sand  hills  and  Ten  Mile  run.  The  question  is,  whether  farther 
out  in  the  formation  there  is  any  evidence  of  older  Potomac  material  underneath  the  clays  " 

The  fact  that  no  indication  of  any  lower  Potomac  fossils  have  yet  been  found  in 
connection  with  the  moraine  would  seem  to  indicate  that  at  least  it  never  existed 
over  any  portion  of  the  region  which  was  subject  to  erosion  by  glacial  action ;  other- 
wise these  ought  to  be  represented  in  the  moraine  in  the  same  manner  as  are  those 
of  the  Amboy  clays. 

Remarks  upon  this  paper  were  made  by  President  Shaler. 
The  following  two  papers  were  read  by  title : 

ASBESTOS  AND  ASBBSTIFORM  MINERALS 
BY  GEORGE  P.    MERRILL 

SYBNITE-ONEISS  {LEOPARD  ROCK)  FROM  THE  APATITiP  REGION  OF  OTTAWA 

COUNTY,  CANADA 

BY  C.    U.   GORDON 

The  latter  paper  is  printed  in  full  in  this  volume. 

♦  The  posthumous  work  on  the  "  Flora  of  the  Amboy  Clays,"  by  the  late  Professor  J.  S.  Newberryi 
is  almost  through  the  printer's  hands.  The  editor  has  corrected  and  returned  proof  during  the 
present  month.    It  will  be  issued  as  a  monograph  of  the  U.  S.  Geological  Survey. 

t  Loc.  cit. 
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The  next  paper,  read  by  the  author,  was  entitled : 

TITANIFEROUS  IRON  ORES  OF  THE  ADIRONDACKS 

BY  J.   F.   K£MP 

[Abstraci] 

The  paper  opened  with  a  brief  statement  of  the  characters  of  the  two  kinds  of 
iron  ores  which  are  aflforded  by  the  rejinon.  The  merchantable  magnetites,  both 
Bessemer  and  non-Bessemer,  occur  in  a  series  of  gneisses  which  surround  the  great 
central  norian  mass  and  its  outlying  ridges.  The  ore-bodies  are  lenticular  or  pod- 
shaped  in  the  smaller  examples  and  conform  to  the  usual  type,  but  the  larger  ones 
are  quite  irregular  in  shape,  and  may  even  form  apparent  beds  several  miles  on 
the  outcrop. 

The  titaniferous  ore-bodies  may  be  grouped  in  two  classes ;  the  one,  in  basic 
gabbros,  affords  low-grade  ores,  high  in  titanic  oxide  and  alumina ;  the  other,  in 
pare  feldspathic  anorthosites,  yields  richer  ores,  which  are,  however,  high  in  titanic 
oxide.  Ore-bodies  of  the  first  class  have  such  geologic  relations  that  they  are  best 
explained  as  basic  developments  of  a  gabbro  magma.  The  Split  Rock  mine,  near 
Westport,  is  the  best  illustration  and  is  easily  accessible.  The  second  class  is  almost 
limited  to  the  vicinity  of  lake  Henderson  and  lake  Sanford,  in  the  heart  of  the 
central  norian  area.  The  wall-rock  is  massive,  unbrecciated  anorthosite,  and  is 
almost  entirely  formed  of  large,  blueish  black  crystals  of  labradorite,  which  lack  the 
crushed  borders  that  give  the  "mortar  structure''  to  most  of  the  Adirondack 
anorthosites. 

The  ore-bodies  are  enormous,  and  by  means  of  the  dipping  compass  one  series 
tliat  crosses  lake  Sanford  has  been  traced  as  much  as  two  miles,  with  a  width  for 
the  area  showing  attraction  of  several  hundred  feet.  Trenches  or  costeaning  pits 
dag  many  years  ago  exhibited  ore  and  anorthosite  in  streaks. 

The  massive  ore  contains  great  numbers  of  labradorite  crystals  even  up  to  20 
centimeters  in  diameter  of  a  dark  green  color  from  innumerable  inclusions  of  small 
pyroxenes.  Each  included  feldspar  is  surrounded  by  a  "  reaction  rim  "  from  5  to  10 
millimeters  across,  consisting  of  brown  hornblende  and  biotite.  From  the  nature 
of  these  included  labradorite  crystals  and  the  lack  of  evidence  of  dynamic  meta~ 
morphism  in  the  wall-rock,  the  argument  was  made  that  the  ores  are  segre^tions 
from  an  igneous  magma  formed  during  the  process  of  cooling  and  crystallization. 

In  conclusion,  a  few  notes  were  given  regarding  recent  successful  experiments  in 
smelting  them  and  on  the  peculiar  excellence  of  the  resulting  iron. 

In  discussion,  C.  R.  Van  Hise  mentioned  the  similar  bodies  of  titaniferous  ores 
in  the  gabbros  of  lake  Superior,  adding,  however,  that  there  had  been  some  infiltra- 
tion of  iit>n  oxide  since  their  formation. 

The  paper  was  discussed  by  C.  R.  Van  Hise  and  the  President. 
The  following  paper  closed  the  list : 

DECOMPOSITION  OP  ROCKS  IN  BRAZIL 
BY  JOHN  C.    BRANNER 

The  paper  was  discussed  by  I.  C.  Russell,  C.  R.  Van  Hise,  H.  T.  Fullfer 
and  the  President    It  is  printed  in  full  in  this  volume. 
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An  invitation  to  the  Society  to  visit  the  United  States  arsenal  was  an- 
nounced. 

Upon  motion  of  J.  F.  Kemp,  a  resolution  was  voted  of  thanks  to  the 
City  Library  Association,  Reverend  William  Rice,  Librarian,  and  to  the 
Local  Committee  of  the  American  Association  for  the  Advancement  of 
Science  for  their  hospitality  and  kindness. 

The  Seventh  Summer  Meeting  was  declared  adjourned. 
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Introduction. 


The  chief  characteristic  of  the  present  stage  of  investigations  of  the 
Ice  age  and  its  glacial  and  modified  drift  deposits  seems  to  consist  in  the 
search,  through  observations  and  study,  for  explanations  of  the  methods 
in  which  the  ice-sheets  of  North  America,  northern  Europe,  Patagonia, 
and  other  glaciated  areas,  acted  in  eroding,  mingling,  transporting  and 
depositing  the  various  drift  formations. 

AH  the  diverse  phases  of  the  till  or  ground  moraine,  also  called  boulder- 
clay,  from  its  heterogeneous  materials,  and  including  much  englacial 
drift,  which  was  allowed  to  fall  loosely  on  the  ground  from  the  ice  dur- 
ing its  stages  of  retreat,  are  classed  together  as  direct  products  of  the 
action  of  land  ice,  without  modification  by  the  assorting,  transporting 
and  stratifying  agency  of  streams  and  lakes  formed  by  the  glacial  melt- 
ing and  accompanying  rains.  Most  drumlins  in  their  entire  mass,  and 
all  others  in  their  superficial  part,  consist  of  till,  an  unstratified  deposit 
of  intermingled  boulders,  gravel,  sand  and  clay,  in  which  usually  the 
largest  ingredient  by  measure  is  the  very  finely  ground  rock  flour  of  the 
glacial  grist.    Though  called  clay,  the  rock  flour,  on  areas  of  sandstoue, 
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granites,  gneisses  or  qaartzose  schists,  is  made  np  principally  of  exceed- 
ingly finely  comminuted  quartz  particles. 

Likewise  the  marginal  moraines,  which  record  the  history  and  work 
of  the  ice-sheets  during  the  fluctuating  stages  of  their  wavering  final  re- 
cession, are,  along  the  greater  part  of  their  extent,  composed  mainly  of 
till,  with  multitudes  of  boulders.  Nearly  everywhere  also  they  inclose 
occasional  lenticular  or  irregular  beds  of  gravel  and  sand,  with  here  and 
there  superficial  knolls  and  short  ridges  of  similar  gravel  and  sand,  called 
kames.  The  inner  stratified  beds  and  the  kames  were  laid  down  by 
streams  from  the  ice  melting  and  from  rains,  while  the  till  of  the  moraines 
was  borne  and  pushed  forward  by  the  slowly  advancing  ice  to  the  limit 
where  the  equilibrium  of  climatic  conditions  temporarily  held  the  glacial 
border  nearly  stationary  during  any  series  of  years.  Less  frequently 
some  considerable  extent  of  the  marginal  drift  belt,  though  amassed  in 
hills  100  to  200  feet  high,  consists  almost  wholly  of  modified  drift,  being 
stratified  gravel  and  sand,  with  only  rare  inclosed  or  superficial  boulders, 
forming  a  prolonged  series  of  gigantic,  massively  rounded  kame  deposits, 
as  in  the  great  frontal  moraine  on  Long  island,  from  Roslyn  east  to  Na- 
peague,  a  distance  of  about  75  miles. 

The  purpose  of  the  present  paper  is  to  inquire  how  the  ice  amassed  its 
prominent,  round  or  oval,  and  sometimes  more  elongated,  hills  of  till 
called  drumlins,  and  how  it  brought  and  heaped  up  the  till  in  its  equally 
conspicuous,  but  more  confusedly  grouped,  marginal  moraine  hills,  dis- 
tinguished notably  by  their  irregularity  of  contour,  abundant  boulders 
and  extension  in  deries  which  are  traced  hundreds  and  even  thousands 
of  miles,  from  Nantucket,  Marthas  Vineyard  and  cape  Cod  to  Wisconsin^ 
Iowa,  Minnesota,  South  and  North  Dakota,  Manitoba  and  the  northwest- 
ern plains  of  Assiniboia,  Saskatchewan,  and  Alberta.  Both  the  drumlins 
and  the  moraines  are  found  referable  to  the  Champlain  epoch  or  closing 
part  of  the  Glacial  period,  when  the  country,  heavily  laden  by  the  ice- 
sheet,  had  sunk  from  its  high  preglacial  and  Glacial  elevation,  being  de- 
pressed mostly  somewhat  below  its  present  height,  so  that  the  reign  of 
the  Arctic  climate,  which  had  deeply  covered  the  land  with  snow  and 
ice,  was  rapidly  brought  to  an  end  by  mild  temperate  conditions  nearly 
like  those  of  the  present  time  in  the  same  latitudes. 

For  Europe,  as  well  as  North  America,  the  drumlins  and  moraines  are 
shown  to  be  referable  to  this  final  Champlain  epoch  of  the  Ice  age ;  and 
the  whole  history  of  the  Glacial  period,  in  its  beginning,  successive  stages, 
and  end,  appears  to  have  been,  in  a  general  way,  synchronous  throughout 
its  series  of  stages  on  the  two  continents.  During  the  growth  and  culmina- 
tion of  the  ice-sheets  in  both  North  America  and  Europe  the  conditions 
of  glacial  action  in  transportation  and  deposition  of  drift  were  very  un- 
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like  those  of  the  ensuing  Charaplain  epoch,  to  which  the  drumlins  and 
mai^inal  moraines  chiefly  belong.  By  the  depression  of  the  land  and 
coQseqaent  return  of  a  temperate  climate  the  ice  was  rapidly  melted 
away,  with  steeper  frontal  gradients,  more  powerful  currents,  and  more 
vigorous  drift  accumulation  in  the  drumlin  and  moraine  hills  than  during 
the  earlier  and  longer  part  of  the  Ice  age,  while  the  land  had  a  high  alti- 
tude and  severely  cold  climate. 

Greenland  now  in  a  considerable  degree  represents  the  time  of  growth 
and  maximum  extent  of  the  Pleistocene  icensheets ;  but  Alaska,  with  its 
generally  receding  glaciers,  and  most  notably  the  Malaspina  ice-sheet, 
having  a  drift-covered  and  forest-bearing  border,  partially  illustrates  the 
conditions  of  the  Champlain  epoch. 

North  American  Areas  of  Drumuns. 

Besides  the  frequent  arrangement  of  the  drumlin  hills  and  ridges  of 
till  in  groups  and  somewhat  definite  belts,  which  are  from  a  few  miles  to 
10  or  20  miles  wide,  lying  approximately  parallel  with  the  general  course 
of  neighboring  marginal  moraines,  while  intervening  belts  or  irregular 
areas  are  destitute  of  drumlins,  a  still  more  noteworthy  feature  of  their 
geographic  distribution  is  found  in  their  occurring  thus  upon  some  ex- 
tensive districts,  while  they  are  utterly  wanting  on  larger  portions  of  the 
great  glaciated  areas  of  North  America  and  Europe. 

Mr  Robert  Chalmers  has  observed  numerous  drumlins  on  the  east  side 
of  lake  Utopia  and  between  the  Magaguadavic  and  Saint  Croix  rivers  in 
Charlotte,  the  most  southwestern  county  of  New  Brunswick.*  Under 
the  name  '*  whalebacks,"  Mr  G.  F.  Matthew  describes  these  and  other 
drumlins  in  the  southern  part  of  this  province  on  an  area  extending  from 
the  Saint  Croix  about  90  miles  east  to  Upham  township.f 

Drumlins  are  reported  in  Maine  by  Professor  George  H.  Stone,  the 
lenticular  type  prevailing  in  the  western  part  of  the  state,  while  toward 
the  east  they  also  take  the  form  of  long  ridges.  In  size  and  numbers, 
however,  they  are  described  as  inferior  to  the  drumlins  of  New  Hamp- 
shire, Massachusetts,  and  New  York.J 

The  earliest  mapping  of  drumlins  in  this  country  was  done  by  the 
writer  in  1878,  under  the  direction  of  Professor  C.  H.  Hitchcock,  for  the 
Geological  Survey  of  New  Hampshire.g  Nearly  700  drumlins  were  noted 
in  the  southern  half  of  this  state,  but  throughout  its  northern  half  these 
drift  accumulations  are  absent  or  very  rare.    Some  130  drumlins  in  adja- 

*G«ot.  Mid  Nat.  Hiet.  Survey  of  Caimda,  Annual  Report,  new  series,  vo\.  ir,  for  1888>*89,  p.  23  N. 
t Geol.  and  Nat.  Hist.  Sarvey  of  Canada,  Report  of  Progreas  for  1877-78,  pp.  18-14  EE. 
I  Proe.  Bos.  Soc.  Nat.  Hist ,  toI.  xx,  i88i),  p.  434.    Proceedings  of  the  Portland  Society  of  Nataral 
History,  Mureh  11  and  Not.  21, 1881. 
lOeotogy  of  N.  H.,  atlas  and  vol.  lii,  1878,  pp.  285-3(9,  with  heliotype. 
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cent  portions  of  northeastern  Massachusetts  and  southwestern  Maine 
were  also  noted  on  this  map. 

Professors  Shaler,  Wright,  Hitchcock,  and  Davis,  and  the  present  writer, 
have  described  the  drumlins  of  Boston  and  neighboring  areas,  where  they 
are  admirably  developed.*  During  the  years  1890  to  1893  the  drumlins 
of  the  entire  state  of  Massachusetts  have  been  mapped  and  carefully 
studied  by  Mr  George  H.  Barton,  under  the  direction  of  Professor  N.  S. 
Shaler,  for  the  United  States  Geological  Survey. t  Their  total  number  is 
found  to  be  nearly  1,800,  counting,  as  in  New  Hampshire,  the  separate, 
rounded  summits  of  compound  drumlin  aggregations,  where  two  or  three 
of  these  hills,  or  sometimes  more,  are  merged  together  at  their  bases. 

From  the  vicinity  of  Spencer,  Massachusetts,  a  series  of  abundant 
drumlins,  according  to  Davis,  extends  south  to  Pomfret,  in  northeastern 
Connecticut.  They  probably  also  occur  plentifully  in  other  parts  of 
this  state,,  reaching  southward  to  Tx)ng  Island  sound,  for  Round  hill,  in 
Orange,  near  New  Haven,  described  by  Professor  J.  D.  Dana,  appears  to 
be  a  drumlin.  X 

New  York  has  a  magnificent  area  of  drumlins,  perhaps  the  most  in- 
teresting in  the  United  States,  which  stretches  more  than  60  miles,  from 
Syracuse  westward  nearly  to  Rochester,  lying  between  the  south  side  of 
lake  Ontario  and  the  Finger  lakes.  §  These  hills  are  well  seen  along  the 
New  York  Central  and  West  Shore  railroads.  Another  area  of  drumlins, 
occurring  in  less  profusion  and  less  diversity  of  forms,  lies  in  Jefferson 
county,  between  the  east  end  of  lake  Ontario  and  the  Adirondacks.|| 

In  the  drift-covered  northern  part  of  New  Jersey  drumlins  are  infre- 
quent, only  two  examples  being  mentioned  by  Professor  R.  D.  Salisbury 
in  his  preliminary  paper  on  the  Pleistocene  formations  of  that  state.^ 

No  drumlins  have  been  found  in  Ohio,  Indiana,  and  Illinois,  by  Mr 
Frank  Leverett,  Professor  G.  F.  Wright,  and  others,  who  have  thoroughly 

*  N.  S.  Shaler :  Proc.  Boat.  Soc.  Nat  Hist,  toI.  xlii,  1870,  pp.  196-204.  inustrations  of  the  Earth's 
Surface :  Glaciers,  1881,  pp.  60-63.  U.  S.  Geol.  Survey,  Seventh  Ann.  Rep.  for  1886,  pp.  321, 322; 
Ninth  Ann.  Rep.  for  1888,  pp.  650,  661. 

O.  F.  Wright:  Proc.  Bost  Soc.  Nat.  Hist.,  vol.  ziz,  1876,  p.  68,  and  vol.  xz,  1870,  p.  217.  The  Ice 
Age  in  North  America,  1889,  chapter  zi. 

G.  H.  Hitchcock :  Proc.  Bost.  Soc.  Nat.  Hist.,  vol.  xiz,  pp.  63-67. 

W.  M.  Davis:-  Illustrations  of  the  Earth's  Surface*:  Glaciers,  text  describing  plate  zziv.  Proc. 
Bost.  Soc.  Nat.  Hist,  vol.  zzii,  1882,  pp.  34,  40-42.  Science,  vol.  iv,  pp.  418-420,  Oct.  31, 1884.  Am. 
Jour.  ScL,  III,  vol.  zzvi«,  pp.  407-416.  Dec,  1884. 

Warren  Upham :  Proc.  Bost.  Soc.  Nat.  Hist.,  vol.  zz,  1879,  pp.  220-234;  vol.  zziv,  1888,  pp.  127-141; 
and  same  vol.  zziv,  1889,  pp.  228-242.  Am.  Jour.  Sci.,  Ill,  vol.  zzzvli,  pp.  369-372,  May,  1888.  Am. 
Geologist,  vol.  x,  pp.  339-362,  Dec,  1892. 

fBuU.  Geol.  Soc  Am.,  vol.  6, 1894,  pp.  8-13. 

J  Am.  Jour.  Sci.,  Ill,  vol.  xzvi,  1883,  pp  357-361. 

i  L.  Johnson:  Trans.  N.  T.  Acad.  Sci.,  vol.  i,  1882,  pp.  78-80;  Annals,  do.,  vol.  ii,  pp.  240-266.  with 
map.    D.  F.  Lincoln :  Am.  Jour.  Sci..  Ill,  vol.  zliv,  pp.  290-301,  Oct,  1892. 

I  Bull.  Geol.  Soc  Am.,  vol.  3, 1892,  p.  142. 

f  Geol.  Survey  of  New  Jersey,  Ann.  Rep.  for  1891,  p.  74. 
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examined  that  area,  mapping  its  marginal  moraines  and  other  drift  de- 
posits. 

Next  northwestward,  however,  druralins  are  again  encountered  in  great 
abundance  and  variety  in  the  eastern  part  of  Wisconsin.  Professor  T.  C. 
Chamberlin  estimates  their  number  in  that  district  and  the  adjoining 
northern  peninsula  of  Michigan  to  be  not  less  than  5,000.* 

Throughout  a  large  region  extending  thence  northwestward,  compris- 
ing Minnesota,  northern  and  central  Iowa,  South  and  North  Dakota,  and 
southern  Manitoba,  Professor  N.  H.  Winchell's  and  my  own  exploration 
and  mapping  of  the  drift  and  its  marginal  moraines  have  failed  to  dis- 
cover any  of  the  peculiarly  moulded  masses  of  till  classed  as  drumlins. 

Beyond  this  region  drumlins  have  been  reported  only  by  Mr  J.  B. 
Tyrrell  in  lake  Winnipegosis,  where  they  form  groups  of  lenticular  and 
elongated  low  islands,t  and  similarly  in  Cree  lake  and  the  country  south- 
east of  lake  Athabasca,  from  400  to  500  miles  still  farther  northwest.  X 

Accumulation  of  Drumlins  from  englacial  Drift. 

Whenever  the  warm  climate  terminating  the  Glacial  period  extended 
unchecked  through  many  years,  the  depth  of  the  ablation  or  superficial 
melting  of  the  outer  part  of  the  ice-sheet  was  probably  not  less  than  15 
to  25  feet  each  summer,  as  has  been  observed  on  the  Muir  glacier,  in 
Alaska,  and  on  the  Mer  de  Glace,  in  Switzerland.  At  such  rates  of  melt- 
ing any  district  enveloped  by  ice  2,000  to  4,000  feet  thick,  as  was  true  of 
the  central  portions  of  New  England  and  doubtless  also  of  a  broad  belt 
thence  west  to  the  Laurentian  lakes  and  to  Minnesota  and  southern  Man- 
itoba, would  be  uncovered  in  one  or  two  centuries,  and  the  recession  of 
the  Glacial  boundary  would  average  probably  a  half  mile  or  more  yearly. 

During  any  long  series  of  years  when  the  ice-sheet  was  being  thus  rap- 
idly melted,  its  outer  portion  to  a  distance  of  probably  five  or  ten  miles 
from  its  boundary,  being  reduced  by  ablation  to  a  thickness  ranging  from 
100  or  200  feet  near  the  edge  upward  to  1,000  feet  or  more,  would  bear 
on  its  surface,  especially  in  the  valleys  and  hydrographic  basins- of  its 
melting,  much  drift  which  had  been  before  contained  in  the  higher  part 
of  the  ice.§  Only  scanty  englacial  drift,  mainly  consisting  of  boulders 
borne  away  from  hills  and  mountains,  appears  to  have  existed  at  alti- 
tudes exceeding  1,000  or  1,500  feet;  but  all  the  lower  ice  probably  con- 
tained an  increasing  proportion  of  detritus  and  boulders  which  had  been 


•  Proc.  Am.  Assoc.  Adv.  Soi.,  vol.  zxxt,  for  1886,  p.  Wl. 

tGeol.  and  Nut.  Hi«t  Survey  of  Canada,  Ann.  Rep.,  new  series,  vol.  iv,  for  1888-*89,  p.  22A.  Bull. 
G^l  Boc  Am.,  vol.  1, 189«,  p.  402. 

:G«o1.  Survey  of  Canada,  Ann.  Rep.,  new  series,  vol.  vi.  for  1892-'93,  p.  15A  (1692).  Am.  Geologist, 
▼ol.  xf,  pp.  132, 175,  Feb.  and  March,  1893. 

{Ball.  Geol.  Soc.  Am.,  vol.  Ui,  1892,  pp.  184-148 ;  vol.  v,  1894,  pp.  71-86.  Am.  Geologist,  vol.  viii, 
pp.  376-316,  Doc,  1891 ;  vol.  z,  pp.  339-362,  Dec,  1892;  vol.  zii,  pp.  36-43,  July,  1893. 
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brought  into  it  from  below  by  upward  movements  due  to  faster  flow  of 
the  central  and  upper  glacial  currents  than  of  those  retarded  by  friction 
on  the  ground.  The  thinned  border  of  the  ice-sheet  upon  the  belt  hav- 
ing a  remaining  thickness  of  less  than  1,000  feet  would  therefore  become 
covered  with  drift,  as  Russell  has  described  the  borders  of  the  Malaspina 
glacier  or  ice-sheet,  which  stretches  from  the  Mount  Saint  Elias  range  to 
the  ocean. 

At  many  times  the  general  recession  of  the  ice-sheet  was  temporarily 
interrupted.  The  return  of  a  prevailingly  cold  climate  for  several  dec- 
ades of  years,  or  occasionally,  as  we  may  suppose,  for  a  century  or  more, 
brought  increased  snowfall,  which  sufficed  to  hold  the  ice  boundary 
nearly  stationary,  perhaps  frequently  first  having  pushed  it  again  a  con- 
siderable distance  forward.  The  thick  ice  lying  far  back  from  the  border 
may  then  have  flowed  over  its  previously  thin  and  driflrcovered  outer 
belt,  aiding  with  the  new  snowfall  to  envelop  the  once  superglacial  drift 
stratum  within  the  ice-sheet.  With  the  increased  thickness  and  steejier 
gradient  of  the  outer  part  of  the  ice-sheet  while  the  recession  of  its  bound- 
ary was  slackened,  wholly  stopped,  or  changed  to  a  re-advance,  due  mainly 
to  very  abundant  snowfalls,  much  drift  which  had  been  formerly  exposed 
on  the  ice  surface  would  become  again  englacial,  so  that  a  stratum  of 
drift  several  feet  thick  might  be  enclosed  in  the  ice  at  an  altitude  increas- 
ing inward  from  less  than  50  feet  to  500  feet  or  more. 

The  upper  current  of  the  thickened  ice  above  the  englacial  bed  of  drift 
would  move  faster  than  that  drift,  which  in  like  manner  would  outstrip 
the  lower  current  of  the  ice  in  contact  with  the  ground.  Close  to  the 
glacial  boundary,  whether  it  halted  and  even  re-advanced  or  merely  its 
retreat  was  much  slackened  but  did  not  entirely  cease,  the  upper  part  of 
the  ice  must  have  descended  over  the  lower  part.  This  difierential  and 
shearing  movement,  as  I  think,  gathered  the  stratum  of  englacial  drift 
into  the  great  lenticular  masses  or  sometimes  longer  ridges  of  the  drum- 
lins,  thinly  underlain  by  ice  and  overridden  by  the  upper  ice  flowing 
downward  to  the  boundary  and  bringing  with  it  the  formerly  higher  part 
of  the  drift  stratum  to  be  added  to  these  growing  drift  accumulations. 
The  courses  of  the  glacial  currents  and  their  convergences  to  the  places 
occupied  by  the  drumlins  were  apparently  not  determined  so  much  by 
the  topography  of  the  underlying  land  as  by  the  contour  of  the  ice  sur- 
face, which  under  its  ablation  had  become  sculptured  into  valleys,  hills, 
ridges,  and  peaks,  the  isolation  of  the  elevations  by  deep  intervening 
hollows  being  doubtless  most  conspicuous  near  the  ice  margin. 

Variability  in  the  rate  and  manner  of  departure  of  the  ice-sheet  may 
well  account  for  the  geographic  distribution  of  the  drumlins,  as  certain 
areas  of  their  abundance,  neighboring  tracts  where  they  are  more  scat- 
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tered,  and  the  rare  occurrence  of  lone  drumlins,  yet  of  large  size  and 
typical  form.  With  much  englacial  drift  gathered  in  layers  and  patches 
in  the  lower  part  of  the  ice-sheet,  the  inequalities  of  ablation  and  super- 
glacial  drainage,  when  extended  at  certain  times  over  a  somewhat  broad 
belt  of  the  ice  border,  may  have  produced  convergent  currents  of  the 
lower  ice  sufficient  for  amassing  these  hills  in  all  their  variety  of  group- 
ing and  occasional  solitary  occurrence.* 

North  American  marginal  Moraines. 

In  the  subdivision  of  the  Glacial  period  by  Geikie,  Chamberlin  and 
others,  the  time  of  principal  accumulation  of  marginal  moraines  is  re- 
garded as  an  epoch  distinct  from  the  previous  portions  of  the  Ice  age ; 
and  Chamberlin  has  named  the  earlier  divisions  of  this  period,  when  the 
North  American  ice-sheet  reached  its  culmination,  the  Kansan  and  lowan 
stages,  while  the  later  moraine-forming  time  is  called  the  Wisconsin  stage, 
from  the  magnificent  development  of  the  moraines  in  eastern  Wisconsin. t 
Between  these  glacial  stages,  which  appear  well  recognizable  and  syn- 
chronous in  North  America  and  Europe,  these  authors  suppose  that  there 
were  prolonged  interglacial  epochs  when  the  ice-sheets  were  in  large  part 
or  wholly  melted  away.  Instead  of  this  view,  the  Ice  age  seems  to  me 
to  have  been  essentially  a  single  glacial  epoch,  with  moderate  fluctuations 
of  the  ice  borders  during  both  the  growth  and  the  wane  of  the  ice-sheet. 
The  marginal  moraines  I  consider  to  have  been  very  rapidly  formed 
while  the  ice  was  retreating  from  its  lowan  stage,  with  no  important 
general  re-advance  dividing  the  lowan  from  the  Wisconsin  or  moraine- 
forming  stage. 

From  my  studies  of  the  glacial  lake  Agassiz,  whose  duration  was  prob- 
ably only  about  1,000  years,  the  whole  Champlain  epoch  of  land  de- 
pression, the  departure  of  the  ice-sheet  because  of  the  warm  climate  so 
restored,  the  accumulation  of  the  great  marginal  moraines  during  pauses 
of  the  glacial  recession,  and  most  of  the  reelevation  of  the  unburdened 
lands,  appear  to  have  required  only  a  few  (perhaps  four  or  five)  thousand 
years,  ending  about  5,000  years  ago.  This  closing  part  of  th«  Glacial 
period,  when  the  moraines  were  being  amassed,  was  apparently  far  shorter 
than  its  earlier  stages  of  oncoming  and  culmination. 

Three  or  four  of  the  most  prominent  moraines  of  the  country  on  each 
side  of  lake  Agassiz  were  formed  contemporaneously  with  the  highest 
beach  of  the  glacial  lake,  but  the  formation  of  that  beach  could  not  have 


*More  detailed  stAtements  of  thiv  theory  are  giyen  in  the  Am.  Geologist,  vol.  x,  pp.  339-362,  Dec, 
18W,  and  In  Proc.  Bert.  Soc.  N»t.  Hi«t ,  vol.  xxvf,  pp.  2-17,  for  Nov.,  1892,  with  enwuing  discussion 
^T  Professor  W.  M.  Davis  and  Mr  George  H.  Barton,  pp.  17-26.  A  later  note  which  I  published  in 
^ht  Am.  Geologist,  vol.  xv,  pp.  194,  195,  March,  1896,  I  should  now  wish  to  change  so  far  as  it  sug- 
frat«d  departure  fVom  the  earlier  papers  here  cited. 

tThe  GreiU  lee  Age,  third  edition,  1894.    Journal  of  Geology,  vol.  lii,  pp.  241-277,  April-May,  1895. 


24  W.  UPHAM — DRUMLIN8  AND  MARGINAL  MORAINES. 

occupied  more  than  a  tenth  part  of  the  whole  duration  of  the  lake,  or  bv 
rough  estimate  a  hundred  years,  more  or  less.  The  conspicuous  belts  of 
morainic  hillocks,  hills  and  ridges,  consisting  of  very  bouldery  till,  fre- 
quently with  much  kame  gravel  and  sand,  of  which  I  have  mapped 
twelve  in  Minnesota  and  North  Dakota,  and  Leverett  a  still  larger  numl>er 
in  Illinois,  Indiana  and  Ohio,  were  therefore  probably  each  amassed 
within  a  few  years,  or  at  the  longest  probably  no  more  than  25  or  50  yeai^. 
even  for  the  accumulation  of  the  prominent  Leaf  hills,  rising  2CX)  to  350 
feet  above  the  surrounding  country.  How  could  such  rapid  drift  trans- 
portation and  deposition  take  place  ?  If  this  question  can  be  satisfac- 
torily answered,  with  reference  of  the  moraines,  both  in  North  America 
and  Europe,  to  the  time  of  retreat  from  the  lowan  glacial  boundaries,  a 
chief  argument,  which  has  been  much  relied  upon  by  the  defenders  of 
the  theory  of  two  or  several  distinct  glacial  epochs,  will  be  set  aside. 

Conditions  op  Formation  of  marginal  Moraines. 

Englacial  drift  had  been  carried  by  the  ice  currents  in  some  important 
amount  into  the  basal  quarter  or  third  of  the  ice-sheet ;  and  when  the 
superficial  melting  or  ablation  reduced  the  ice  border  to  a  less  thickness, 
this  drift  was  gradually  uncovered  upon  the  ice  surface.  The  rates  of 
ascent  of  the  frontal  slope  may  be  assumed,  in  accordance  with  the  up])er 
limits  of  glacial  action  on  mountains,  and  after  careful  consideration  of 
the  surface  gradients  of  the  Alpine  glaciers  and  of  the  Greenland  ice-sheet, 
as  400  feet  in  the  first  mile,  200  feet  in  the  second  mile,  and  150, 120, 10(3, 
85,  75,  67,  60  and  55  feet  in  the  third  to  the  tenth  miles,  respectively, 
attaining  an  altitude  of  1,312  feet,  or  about  a  quarter  of  a  mile.  Thence 
we  may  suppose  the  ascent  to  average  50  feet  per  mile  for  the  next  nine 
miles,  by  which  the  altitude  of  a  third  of  a  mile,  the  probable  upper  limit 
of  the  englacial  drift  on  any  area  where  the  ice-sheet  had  been  about  a 
mile  thick,  would  be  reached. 

On  areas  where  the  ice-sheet  built  up  large  marginal  moraines,  and 
also  wherever  its  drainage  from  ablation  brought  exceptional  volumes  of 
modified  drift,  or  stratified  gravel,  sand  and  clay,  directly  supplied  by 
the  ice  melting,  we  must  believe  that  the  amount  of  the  englacial  drill 
was  greater  than  on  other  tracts  having  smaller  moraines  and  little  modi- 
fied drift.  Let  us  assume,  therefore,  for  the  definite  illustrative  case  in 
which  we  are  seeking  to  account  for  pro  minent  moraine  accumulations, 
that  the  total  englacial  drift  in  the  lower  third  or  1,760  feet  of  the  ice-sheet 
was  equal  to  a  thickness  of  15  feet.  This  may  have  been  distributed,  as 
shown  in  the  accompanying  table,  so  that  the  basal  ice  stratum,  400  feet 
thick,  terminating  within  the  first  mile  from  the  front,  should  contain 
5  feet  of  englacial  drift ;  the  stratum,  200  feet  thick,  terminating  in  the 
second  mile,  2  feet  of  drift;  the  150  feet  of  ice  terminating  in  the  third 
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mile,  li  feet  of  drift;  the  fourth  mile's  ice  stratum,  120  feet  thick,  1  foot 
of  drift;  and  the  stratum  of  100  feet  in  the  fifth  mile,  seven-tenths  of  a 
foot.  The  amount  of  englacial  drift  above  the  altitude  of  970  feet,  reached 
at  the  end  of  five  miles,  would  be  about  5  feet  in  a  thickness  of  about 
800  feet  of  ice,  the  upper  limit,  as  before  noted,  being  assumed  to  be  1,760 
feet  above  the  land  surfiEice. 

The  rate  of  ablation  of  the  ice  in  the  warm  summers  of  the  Cham  plain 
epoch,  with  alternating  sunshine  and  still  more  efficient  rains,  probably 
averaged  from  two  to  four  inches  daily  during  200  days  of  the  warm  por- 
tion of  each  year.  In  the  remaining  five  and  a  half  months  we  may 
suppose  that  the  snowfall  and  ablation  counterbalanced  each  other,  while 
the  ice  advance,  though  diminished  on  account  of  the  lower  temperature, 
would  produce  some  thickening  of  the  border.  Rarely  the  border  thicken- 
ing during  many  years  of  prevailingly  low  temperature  would  accumu- 
late drumlins  in  the  manner  before  described.  Frequently  when  a  series 
of  years  had  a  small  mean  rate  of  ablation,  the  ice  front  remained  nearly 
stationary,  giving  the  conditions  necessary  for  the  formation  of  a  mar- 
ginal moraine ;  but  when  the  ablation  was  more  rapid,  no  belt  was  occu- 
pied by  the  front  so  long  as  to  be  marked  by  morainic  hills  and  ridges. 
An  average  ablation  of  two  inches  per  day  during  200  days  of  each  year 
may  be  assumed  as  permitting  the  front  to  remain  on  the  same  line,  or 
with  advances  and  recessions  not  exceeding  a  half  mile  or  one  mile  from 
that  line.  The  resulting  moraine  would  be  heaped  irregularly  on  a  belt 
one  to  two  miles  wide. 
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To  supply  the  ice  by  onflow  equivalent  to  the  ablation  of  two  inches 
daily  in  summer  upon  the  first  mile  from  the  frontal  line  would  require 
an  average  forward  current  of  26  inches  daily  for  the  lowest  400  feet  of 
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the  ice-sheet.  On  the  land  bed,  where  it  was  impeded  by  friction,  the 
rate  was  very  small,  thence  gradually  increasing  upward.  In  the  second 
mile  the  ice  would  retain  its  height  unchanged  under  this  ablation  by  an 
average  onflow  of  4.3  feet  daily  for  the  stratum  of  ice  200  feet  thick  tenni- 
nating  in  that  mile ;  the  third  mile  would  require  for  its  stratum  of  150 
feet  a  daily  current  of  5.8  feet,  and  the  fourth  and  fifth  miles  would  re- 
quire currents,  respectively,  of  7.3  and  8.8  feet.  Between  nine  and  ten 
miles  from  the  ice  front,  at  an  altitude  of  1,257  to  1,312  feet,  the  ablation 
could  be  oflfset  only  by  a  current  of  16  feet  daily.  By  such  current, 
urged  forward  by  the  great  weight  of  the  more  central  and  increasingly 
thicker  part  of  the  ice-sheet,  the  superficial  wasting  of  the  ice  border 
would  be  evenly  balanced,  holding,  therefore,  the  nearly  steady  frontal 
line  indispensable  for  abundant  marginal  drift  deposition.  The  gradient^: 
thus  assumed  for  the  ice  surface  near  its  boundary  are  probably  twice  as 
steep  as  they  were  during  the  earlier  stages  of  predominant  ice  accumu- 
lation. Hence,  with  the  greatly  increased  Champlain  temperature,  the 
rates  of  glacial  movement  were  perhaps  five  or  even  ten  times  faster  than 
during  the  maximum  stage  of  glaciation. 

If  the  outermost  five  miles  of  the  ice,  having  the  conditions  here  as- 
sumed, remained  in  essentially  unchanged  position  thirty  years,  the  total 
volume  of  drift  there  becoming  superglacial  would  be  equivalent  to  about 
50  feet  on  a  width  of  one  mile.  With  the  previously  superglacial  drift  of 
the  same  outer  belt  of  the  ice,  which,  like  the  foregoing,  must  have  been 
carried  forward  to  the  boundary,  there  would  be  a  thickness  of  about  8-5 
feet;  and  with  all  received  in  the  same  time  from  the  more  distant  part 
of  the  ice  surface,  up  to  ten  miles  from  the  margin,  the  total  terminal 
mass  of  drift  would  equal  at  least  an  average  of  100  feet  on  a  belt  one 
mile  wide.  This  amount,  amassed  by  the  small  frontal  oscillations  of 
the  ice  so  as  to  form  irregularly  grouped  hills  and  ridges,  separated,  as 
those  of  the  moraines  usually  are,  by  deep  and  wide  hollows,  would  con- 
stitute a  morainic  belt  probably  unsurpassed  either  in  North  America  or 
Europe.  Under  the  same  conditions,  a  small  but  distinct  moraine  might 
be  formed  in  only  five  or  ten  years  j  or,  where  the  ice-sheet  had  less  en- 
glacial  drift,  as  a  quarter  or  only  a  tenth  as  much,  the  smaller  parts  of  a 
moraine  belt  would  be  made  during  the  same  thirty  years  in  which  else- 
where its  most  prominent  portions  were  being  deposited. 

Drumlins  and  Moraines  both  referable  chiefly  to  the  Champlain 

Epoch. 

From  this  discussion  of  the  origin  of  drumlins  and  marginal  moraines 
it  will  be  seen  that  their  accumulation  belonged  chiefly  to  the  Champlain 
epoch  of  land  depression,  restored  warmth  and  mainly  rapid  glacial  re- 
treat, interrupted  by  times  when  the  ice-sheet  for  several  years  or  decades 
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of  years  held  a  nearly  stationary  position.  According  to  the  supposition 
that  two  inches  of  daily  summer  ablation  was  approximately  equaled 
by  the  glacial  onflow,  whenever  the  ablation  was  at  a  faster  average  rate, 
as  three  or  four  inches  daily,  the  ice  receded,  depositing  the  smoother 
till  sheets  between  the  hilly  marginal  moraine  belts. 

During  the  stages  of  ice  accumulation,  up  to  the  maximum  of  the  gla- 
ciation  and  to  the  lowan  stage,  I  think  that  the  ice-sheet  eroded  much 
drift  on  its  central  area  and  bore  it  forward  in  the  basal  quarter  or  third 
of  the  whole  thickness  of  the  ice,  depositing  much  of  it,  however,  as  sub- 
glacial  till  within  fifty  miles,  more  or  less,  back  from  its  front.  When 
the  final  recession  of  the  ice  carried  its  border  gradually  backward  over 
all  its  area,  I  believe  that  the  process  of  subglacial  drift  deposition  con- 
tinued, forming  the  ground  moraine  or  lower  part  of  the  till  progressively 
as  the  ice  border  withdrew,  and  now  and  again,  under  exceptional  climatic 
conditions,  amassing  much  of  this  till  in  drumlins.  The  part  of  the  drift 
which  had  remained  englacial,  when  the  frontal  line  in  its  retreat  reached 
the  place  of  a  temporary  pause,  permitting  a  marginal  moraine  to  be 
formed,  was  then  borne  forward  in  the  manner  described  to  the  boundary. 

Only  with  a  rate  of  ablation  much  faster  and  with  glacial  currents 
much  stronger  than  those  of  the  Arctic  regions  or  of  the  continental  ice- 
sheets  during  their  time  of  accumulation  under  the  severe  climate  of 
their  high  plateau  elevation,  in  short,  only  during  the  Champlain  epoch, 
when  the  land  had  sunk  from  its  preglacial  and  Glacial  altitude,  both  in 
America  and  Europe,  could  noteworthy  drumlins  and  peripheral  mo- 
raines be  amassed.  They  record  on  each  continent  the  definite  closing 
epoch  of  the  Glacial  period. 

European  Drumlins  and  Moraines. 

We  owe  the  earliest  observations  and  descriptions  of  drumlins  to  Kina- 
han  and  Close,  in  Ireland,  and  to  Shaler,  in  Massachusetts.  These  re- 
markable hills  of  till  are  admirably  developed  in  portions  of  Ireland, 
Scotland,  and  northern  England.  To  what  extent  they  exist  on  the  gla- 
ciated areas  of  northern  Germany,  Russia,  and  Scandinavia,  appears  not 
yet  to  be  clearly  ascertained. 

During  nearly  forty  years,  from  the  first  announcement  by  Agassiz  of 
his  theory  that  the  general  driftrsheets  of  Europe  and  North  America 
were  produced  by  vast  sheets  of  land  ice,  their  marginal  moraines  re- 
mained unrecognized.  Their  true  character  was  first  made  known  some- 
what less  than  twenty  years  ago  by  Clarence  King  on  the  Elizabeth 
islands  of  southeastern  Massachusetts,  Chamberlin  in  Wisconsin,  Lewis 
and  Wright  in  Pennsylvania,  Cook  and  Smock  in  New  Jersey,  and  the 
present  writer  on  Long  island,  Marthas  Vineyard,  Nantucket,  and  cape 
Cod.   After  the  grand  development  of  these  moraines  of  the  North  Amer- 
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ican  ice-sheet  had  been  well  explored  in  their  main  features  from  the 
Atlantic  coast  to  North  Dakota,  the  first  discoveries  of  the  similar  mar- 
ginal moraines  of  the  British  and  European  ice-sheets  were  made  less 
,  than  ten  years  ago  by  two  American  glacialists,  who  were  specially  quali- 
fied for  these  observations  by  their  previous  work  in  the  United  States, 
namely,  Professor  H.  Carvill  Lewis,  in  Great  Britain  and  Ireland,  and 
Professor  R.  D.  Salisbury,  in  Germany.  It  is  now  ascertained  that  there 
are  well  defined  belts  of  morainic  drift  hills  in  southern  Sweden,  Den- 
mark, northern  Germany,  and  Finland.  The  most  conspicuous  German 
moraine  belt  is  named  the  Baltic  ridge,  and  the  waning  ice-sheet  at  the 
stage  of  its  formation  is  known  as  the  great  Baltic  glacier.  All  these 
moraines  appear  to  belong  to  the  same  declining  part  of  the  Ice  age, 
being  correlative  with  the  Wisconsin  stage  of  glaciation  in  the  northern 
United  States.* 

Recognition  op  the  Champlain  Epoch  in  Europe. 

The  general  contemporaneousness  of  the  Glacial  period  on  the  oppo- 
site sides  of  the  North  Atlantic  ocean  had  been  long  accepted  as  prob- 
able, but  its  demonstration  and  the  identification  of  the  corresponding 
parts  of  the  Ice  age,  having  the  same  sequence  on  the  two  continents,  were 
first  made  known  last  year  by  the  studies  of  Geikie  and  Chamberlin  in 
the  new  third  edition  of  "  The  Great  Ice  Age,"  and  by  their  later  papers 
this  year  in  the  Journal  of  Geology,  as  already  cited.  Not  only  are  the 
Kansan  and  lowan  stages  of  culmination  of  the  ice-sheets  closely  alike 
for  these  widely  separated  great  areas,  but  also  the  land  depression  of 
the  Champlain  epoch  in  both  North  America  and  Europe  brought  marine 
submergence  of  coastal  tracts  and  caused  rapid  disappearance  of  the  ice- 
sheets,  with  the  formation  of  their  drumlins  and  marginal  moraines. 
These  two  continents  were  included  in  the  portion  of  the  earth's  crust 
which  twice  experienced  far  extended  epeirogenic  movements,  first  of 
high  uplift,  bringing  the  cold  climate  and  snow  and  ice  accumulation 
of  the  Glacial  period,  and  afterward  of  depression  somewhat  lower  than 
now,  whereby  the  vast  ice  fields  were  melted  away. 

Contrast  of  the  Growth  and  Decline  op  the  Pleistocene  Ice- 
sheets  IN  THEIR  Deposition  of  Drift. 

During  the  growth  and  maximum  advance  of  the  ice-sheet  on  each 
continent  the  border  of  the  drift  along  the  greater  part  of  its  extent  was 

«  For  a  correlfttion  of  the  stages  of  the  Ice  age  in  North  America  and  Europe  leading  to  the  fore- 
going explanation  of  the  rapid  accumulation  of  the  marginal  morfiines,  see  the  Am.  Geologist^  to). 
zvi,  pp.  100-113,  Aug.,  1896,  with  maps  of  the  Kansan,  lowan,  and  Wisconsin  boundarie«  Qf  the  North 
Amerioan  and  European  ice-sheets. 
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laid  down  as  a  gradually  attenuated  sheet,  with  neither  moraines  nor 
drumlins.  After  the  Kansan  or  culminating  stage  the  ice  retreated  and 
the  drift  underwent  much  subaerial  erosion  and  denudation  during  the 
Afbonian  interglacial  stage.  Renewed  accumulation  and  growth  of  the 
ice  in  the  lowan  stage  is  again  represented  by  an  overlying  thin  and 
somewhat  even  sheet  of  drift  near  the  limits  of  that  glacial  advance, 
which  mostly  failed  to  reach  the  earlier  boundary. 

Next  came  the  Champlain  epoch  of  general  depression  of  the  ice-bur^ 
dened  lands  both  east  and  west  of  the  North  Atlantic,  when  the  ice  again 
retreated,  but  apparently  at  a  much  faster  rate  than  before,  with  great 
supplies  of  loess  from  the  waters  of  its  melting.  Moderate  reelevation  of 
the  tracts  earliest  uncovered  from  the  ice  almost  immediately  ensued, 
and  a  permanent  uplift  from  the  Champlain  subsidence  thence  advanced 
like  a  wave  from  the  borders  toward  the  center  of  each  of  these  conti- 
nental glaciated  areas  as  fast  as  the  ice  front  retreated.  During  this  gla- 
cial recession  prominent  moraines,  in  notable  contrast  with  the  smooth 
and  comparatively  thin  outer  drift,  were  amassed  in  many  irr^ular  but 
roughly  parallel  belts,  where  the  front  at  successive  times  paused  or  re- 
advanced  under  secular  variations  in  the  prevailingly  temperate  and  even 
warm  climate  by  which,  between  the  times  of  formation  of  the  moraines, 
the  ice  was  rapidly  melted  away.  Occasionally,  too,  the  retreating  ice 
became  much  thickened  near  its  boundary,  giving  the  peculiar  condi- 
tions of  accumulation  of  the  drumlins,  which  are  somewhat  analogous 
with  the  marginal  moraines.  The  smooth  but  steep  drumlins  are  sub- 
glacial  aggregations  of  till  heaped  near  the  mainly  waning  ice  front,  while 
the  rougher  moraine  hills  are  its  marginal  deposits.  Both  were  depend- 
ent on  secular  variations  of  the  average  climatic  conditions  during  the 
Champlain  epoch,  requiring  a  few  years  or  decades  of  years  for  their  for- 
mation, according  to  their  varying  size,  the  abundance  or  scantiness  of 
the  englacial  drift  on  and  near  their  areas,  and  the  vigor  or  feebleness 
of  the  glacial  currents. 

Comparison  op  present  Ice  Action  in  Alaska  and  Greenland. 

The  Malaspina  ice-sheet  in  Alaska  has  been  slowly  retreating,  like  the 
Muir  glacier  and  others  of  that  country,  during  the  past  hundred  years 
or  probably  much  longer.  On  all  its  border  for  a  width  of  a  few  miles, 
now  thinned  perhaps  to  a  quarter  part  or  less  of  the  earlier  depth,  the 
waning  ice  is  covered  by  its  formerly  englacial  drift ;  but,  in  that  cold 
climate,  the  glacial  movement  is  so  very  slow  that  forest  trees,  with  lux- 
uriant undergrowth  of  shrubs,  and  many  herbaceous  flowering  plants, 
grow  on  this  drift  lying  upon  hundreds  of  feet  of  ice  as  revealed  by  stream 
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channels.  Advancing  toward  the  interior,  the  explorer  soon  comes  upon 
higher  clear  ice  and  n6v6,  having  risen  above  the  plane  of  the  englacial 
debris,  excepting  along  the  course  of  belts  of  medial  surface  morainic 
drift,  swept  outward  from  spurs  of  the  mountains.  This  ice-sheet  par- 
tially suggests  the  conditions  of  the  moraine-forming  southern  portion 
of  the  North  American  and  European  ice-sheets  during  the  Champlaln 
epoch ;  but  these  had  a  climate  much  warmer  than  that  of  Alaska,  with 
consequent  far  more  rapid  ablation  and  stronger  glacial  currents. 

In  Greenland,  on  the  other  hand,  the  mean  temperature  has  probably 
been  gradually  lowered  during  several  centuries  past,  since  the  prosper- 
ous times  of  the  Norse  colonies  900  to  500  years  ago.  A  great  ice-sheet, 
1,500  miles  long  with  a  maximum  width  of  700  miles,  covers  all  the  in- 
terior of  Greenland ;  and,  although  now  its  extent  is  less  than  during  the 
Glacial  period,  it  has  doubtless  held  its  own  or  mainly  somewhat  increased 
during  several  hundred  years.  While  the  snow  and  ice  accumulation  is 
predominant,  no  englacial  drift  becomes  superglacial ;  but  in  the  r^ion  of 
Inglefield  gulf  Chamberlin  finds  the  frontal  ice-cliflTs  well  chained  with 
englacial  debris  to  a  third  or  half  of  their  total  heights  of  100  to  200  feet 
or  more.  The  same  ratio  of  the  lower  part  of  the  ice-sheet  containing 
drift  would  quite  certainly  give  it  a  thickness  of  1,000  to  2,000  feet  in  the 
deeply  ice-covered  central  portion  of  Greenland.,  Other  features  espe- 
cially noted  are  the  very  distinct  stratification  of  the  ice  and  its  difier- 
ential  forward  motion,  producing  not  only  this  stratification,  but  also 
sigmoid  folds  and  overthrust  faults,  where  the  upper  layers  move  faster 
than  the  lower,  and  these  in  turn  faster  than  the  friction-hindered  base. 
In  just  the  same  way,  as  shown  in  the  foregoing  pages,  the  accelerated 
currents  of  the  waning  ice-sheet  during  the  temperate  Champlain  epoch 
overrode  each  other  in  succession  from  the  highest  to  the  lowest  on  the 
moraine-forming  border,  bearing  a  great  amount  of  superglacial  drift  to 
the  margin,  and  under  certain  favorable  conditions  heaping  massive 
drumlin  hills  beneath  the  marginal  part  of  the  ice. 

If  a  mild,  temperate  climate  could  bring  to  Greenland  the  conditions 
of  the  Champlain  epoch,  its  thick  ice-sheet  in  the  interior  under  rapid 
ablation  would  fully  illustrate,  as  the  Malaspina  glacier  even  now  docs 
in  a  considerable  degree,  the  formation  of  the  great  series  of  morainic 
drift  hills  and  the  diversely  grouped  drumlins  which  mark  stages  in  the 
retreat  of  the  continental  ice-sheets. 
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Introduction. 

The  western  plains  and  the  Rocky  Mountain  region  of  Canada  un- 
doubtedly constitute  one  of  the  most  important  fields  of  investigation  in 
connection  with  the  glacial  period  in  North  America.  The  area  there 
characterized  by  glacial  deposits  is  an  enormous  one,  but  the  facts  de- 
rived from  it  have  so  far  been  accorded  comparatively  little  weight  in  the 
construction  of  hypotheses  for  the  continent.  Of  these  hypotheses  those 
in  best  standing  have  grown  up  chiefly  during  the  detailed  study  of  the 
southern  portion  of  the  glaciated  region  of  the  east.  Distance,  and  a 
general  unfamiliarity  with  the  somewhat  complex  physical  features  of 
this  western  region,  have  undoubtedly  prevented  a  ready  appreciation  of 
itd  phenomena,  but  these  also  must  in  the  end  be  fully  reckoned  with 
before  satisfactory  conclusions  of  a  general  kind  can  be  definitely  reached. 
In  former  papers  *  the  writer  has  endeavored  to  combine  the  observa- 
tions made  by  himself  and  others  in  the  Cordillera  and  adjacent  parts  of 
the  Great  plains  in  a  common  scheme,  although  one  admittedly  of  a  char- 

*Aiii.  G«o)oKi»t,  Sept,  189i\  p.  163.    On  che  Phyt^iogniphical  Geology  of  the  Rocky  Mouatain 
regioa  ia  CaiuuIa.    Trans.  Roy.  Soc.  Can.,  vol.  Till,  sec.  4, 1890,  p.  4. 
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acter  entirely  tentative.  In  the  following  notes  his  purpose  is  merely 
to  amplify  previous  observations  on  a  particularly  interesting  part  of  this 
western  region  by  the  addition  of  new  facts,  given,  as  far  as  pos:?il>lei 
apart  from  any  theoretical  considerations  whatever.  In  the  concludinji 
pages,  however,  an  attempt  is  made  to  indicate  the  more  obvious  deduc- 
tions which  appear  to  flow  directly  from  the  examination  of  the  particular 
district  in  question. 

In  a  report  by  the  writer  on  the  southern  portion  of  the  district  of 
Alberta,*  the  principal  facts  then  ascertained  of  the  "superficial  geology" 
are  given,  but  the  work  upon  which  that  report  was  based  was  directed 
chiefly  to  the  "  solid  geology  "  of  the  country,  and  details  respecting  the 
superficial  geology  were  as  far  as  possible  eliminated  in  the  interests  of 
brevity.  Since  the  publication  of  that  report  great  advances  have  been 
made  in  our  knowledge  of  the  glacial  phenomena  of  the  northern  jwrt 
of  the  continent,  some  of  which  seemed  to  render  the  region  particularly 
referred  to  in  this  paper  one  of  especial  importance  as  the  meeting  place 
of  the  deposits  (whether  immediately  or  proximately  derived)  of  the 
Cordilleran  and  Laurentide  ice-sheets.  Thus  it  became  desirable  tliat 
an  attempt  should  be  made  to  further  investigate  this  region  and  to  te<t 
the  previous  observations  and  conclusions.  With  this  object  in  view,  a 
couple  of  weeks  in  the  early  part  of  the  summer  of  1894  were  devote<l 
chiefly  to  a  critical  examination  of  the  superficial  deposits  of  that  part 
of  southwestern  Alberta  adjacent  to  the  eastern  slopes  of  the  Koeky 
mountains.  The  writer  was  accompanied  by  Mr  R.  G.  McConnell,  wlio 
had  previously  acted  as  his  assistant  in  the  same  field,  and,  while  he  as- 
sumes the  responsibility  for  the  statements  made  in  the  sequel,  those 
observations  made  by  Mr  McConnell  will  be  given  under  his  own  name 
and  in  his  own  words.  He  would  further  take  this  opportunity  of  ac- 
knowledging the  value  of  Mr  McConneirs  cooperation,  and  of  stating  that 
in  regard  to  the  observations  of  fact,  at  least,  there  is  complete  unanimity 
between  himself  and  that  gentleman. 

Physical  Features  of  the  Region. 

The  region  treated  of  may  be  described  as  extending  from  the  inter- 
national boundary  northward  to  Bow  river,  or  in  latitude  from  49°  to 
51°  20'.  The  eastern  edge  of  the  Rocky  mountains  proper  (Laraini>le 
range)  is  defined  by  the  line  separating  the  Paleozoic  rocks  from  those 
of  the  Cretaceous  and  Laramie,  and,  although  this  line  is  not  a  perfectly 
definite  one,  it  corresponds  closely  with  the  orographic  features,  and  the 
eastern  front  of  the  mountains  is  often  particularly  abrupt  and  striking. 
The  want  of  definiteness  referred  to  arises  from  the  fact  that  embavnients 


*  Report  on  the  Geology  of  the  Bow  and  Belly  Rivers  region.    Geol.  Survey  of  Cuniidti,  1882-N4. 
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and  infolds  of  Cretaceous  rocks  occur  in  this  part  of  the  mountains,  while 
at  least  one  isolated  area  of  Paleozoic  rocks  is  found  to  the  east  of  the 
main  margin  of  the  range.  Both  the  mountains  and  the  adjacent  foot- 
hills have  been  subjected  to  similar  parallel  folding  and  disturbance  at 
the  same  post-Cretaceous  orogenic  period.* 


tattadB 


Scale 
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FIOURB  I. — Southwestern  Birt  of  the  District  of  Alberta, 

The  foothill  belt  varies  in  width  from  10  or  12  miles  in  its  aouthem 
part  to  about  20  miles  at  the  north,  in  the  vicinity  of  Bow  river.  Funda- 
mentally, the  foothills  represent  a  bordering  zone  of  folded  and  con- 
torted Cretaceous  rocks,  reduced  by  denudation  to  series  of  more  or  less 
nearly  parallel  ridges  and  valleys.  The  rivers  and  larger  streams  from 
the  mountains  generally  cut  across  nearly  at  right  angles  in  wide  and 
relatively  low  transverse  valleys,  while  the  higher  ridges  and  hills  occa- 
dionally  surpass  5,000  feet  in  elevation. 

*  For  some  note^  on  this  aod  oa  tbe  Plloceae  history  of  the  region,  see  Am.  Jour.  Sci.,  June,  1896, 
p.  463. 
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On  the  east  the  boundary  of  the  foothills  proper  coincides  with  that 
of  the  flexed  strata,  and  is  nearly  always  quite  definite,  the  corrugations 
ceasing  abruptly  and  being  succeeded  by  a  wide,  low  syncline,  which  is 
continuous  between  the  latitudes  above  referred  to,  and  is  occupied  by 
the  remnants  of  a  long  elevated  plateau — ^that  of  the  Porcupine  hilk 
This  plateau  is  throughout  composed  chiefly  of  sandstones  of  Upper 
Laramie  age,  but  the  Porcupine  hills  proper  extend  only  from  Oldman 
river  northward  to  Highwood  river,  a  length  of  about  60  miles,  with  an 
average  width  of  some  20  miles.  Further  north  they  are  represented  by 
a  series  of  detached,  lower  plateau  areas,  which  continue  to  border  the 
foothills  on  the  east,  while  to  the  south  of  the  Oldman  the  same  syncline 
is  also  occupied  by  plateaus,  but  still  less  prominent  and  lower.  Of  the 
Porcupine  hills  proper,  the  highest  part  extends  northward  from  the  Old- 
man  for  about  40  miles,  and  here  a  few  points  reach  5,300  to  5,400  or  even 
5,500  feet,  while  considerable  areas  of  ridges  and  broken  plateau  exceed 
4,500  feet. 

From  the  southern  end  of  this  high  region,  overlooking  Oldman  valley, 
the  view  is  open  to  the  base  of  the  Rocky  mountains,  tio  comparable 
elevations  of  any  extent  existing:;  in  this  part  of  the  foothills.  In  the  arc 
from  west  to  southwest  the  mountains  are  distinct  from  20  to  25  miles, 
but  from  the  last  bearing,  around  to  south,  the  line  of  the  mountains 
recedes  rapidly,  being  more  than  40  miles  distant  where  it  crosses  the 
forty-ninth  parallel.  From  south  to  southeast  the  lower  continuing  pla- 
teaus already  mentioned  are  overlooked,  but  from  southeast  around  to 
north  the  outlook  is  across  the  sea-like  expanse  of  the  Great  plains,  of 
which  the  rare,  low,  plateau-like  elevations  are  scarcely  distinguishable. 

A  profile  drawn  across  any  part  of  the  country  above  described  would 
show  on  the  west  the  rugged  front  of  the  mountains  (7,000  feet  or  morel, 
next  the  much  lower  but  irregular  foothills,  then  a  well  marked  depres- 
sion separating  these  from  the  Porcupine  hills,  then  the  plateau  of  the 
Porcupine  hills,  and  lastly  the  long  eastward  or  northeastward  slope  of 
the  Great  plains;  but  a  profile  traced  along  the  valley  of  any  one  of  the 
larger  streams,  and  thus  following  the  actual  drainage  level  of  the  coun- 
try, would  show  a  nearly  uniform  descent  from  the  base  of  the  moun- 
tains, only  slightly  increased  in  slope  while  crossing  the  foothill  belt. 
These  streams  leave  the  mountains  at  an  average  elevation  of  about  4,350 
feet.  Along  the  eastern  edge  of  the  Porcupine  syncline  the  plains  have 
a  nearly  uniform  height  of  about  3,300  feet,  with  which  the  general  level 
of  the  rivers  may  be  considered  as  practically  coincident,  although  these 
often  occupy  postglacial  valleys  of  from  100  to  200  feet  in  depth  below 
the  adjacent  plain ;  thence  to  the  northeastward  the  surface  of  the  plain 
(with  its  rivers)  gradually  descends  some  1,000  feet  in  a  distance  of  about 
120  miles. 
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The  two  most  notable  breaks  in  the  continuity  of  the  foothill  belt  and 
the  Porcupine  Hills  plateau  are  those  of  the  Bow  valley  and  the  valley 
occupied  by  the  Oldman  and  its  tributaries.  The  latter  especially,  which 
is  not  merely  a  wide  river  valley,  but  occurs  in  conjunction  with  the 
breaking  off  to  the  south  of  the  highlands  of  the  Porcupine  hills,  is  an 
important  and  wide  opening  in  the  approaches  to  the  mountains,  and 
maybe  r^arded  as  an  irregular  southwestern  embayment  of  the  plains, 
in  which  Liaurentian  erratics  had  already  been  found  at  an  elevation  of 
5,280  feet  above  scale vel  and  upon  the  very  margin  of  the  mountains 
themselves.  It  was  therefore  chiefly  in  this  region  and  in  that  of  the 
Bow  valley,  taken  in  conjunction  with  the  elevated  tracts  in  their  vicin- 
ity, that  further  information  respecting  the  conditions  of  glaciation  and 
the  character  of  the  western  edge  of  the  Laurentian  drift  seemed  likely 
to  be  obtained.  The  southern  high  portion  of  the  Porcupine  hills  in  par- 
ticular, it  appeared,  might  be  of  peculiar  importance  in  relation  to  such 
questions,  for  here  it  was  probable  that  either  moraines  or  terraces  might 
characterize  the  farthest  and  highest  limits  of  the  drift  of  eastern  origin. 

Summary  op  previous  Observations. 

* 

Before  stating  the  results  of  the  late  investigation  it  will,  however,  be 
useful  to  give,  in  the  form  of  a  summary,  the  facts  connected  with  the 
superficial  deposits  previously  recorded  in  the  report  of  1882-'84. 

In  the  region  of  the  Great  plains  of  southern  Alberta,  to  the  east  of  the 
Porcupine  hills  and  their  representatives,  an  approximate  estimate  of  the 
drift  deposits  as  a  whole  makes  these  to  average  about  100  feet  in  thick- 
ness. In  a  few  places  on  the  line  of  section  afforded  by  the  Belly  river 
all  the  recognized  members  of  these  deposits  are  together  present,  but  in 
others  only  two  or  three  ot  them  are  seen  at  a  single  locality.  A  com- 
plete section  shows  in  descending  order  the  following  succession : 

1.  Stratified  sands,  gravels  or  silts. 

2.  Upf»er  lK>ulder-clay. 

3.  Stratified  interglacial  depoHits,  sometimes  including  lignite. 

4.  Ix)wer  boulder-clay. 

5.  Quartzite  shingle,  sometimes  with  stratified  sands  and  silts. 

The  absolute  and  relative  thickness  of  each  of  these  deposits  varies 
much,  and  along  Bow  river,  somewhat  farther  to  the  north,  the  inter- 
glacial  beds  were  not  noted,  and  no  line  of  separation  as  between  an  upper 
and  lower  boulder-clay  was  in  consequence  determined.*    The  under- 


*Thi9  may,  however,  in  part  result  from  the  fact  that  the  importance  of  such  a  separation  wait 
Dot  recosrnised  at  the  time  these  sectionfi  were  examined,  but  it  is  certain  that  there  is  here  no 
«a<»h  atrikioK  plane  of  division  as  on  Belly  river.  Still  further  north,  on  Rosebud  creek,  Mr  J.  B- 
Tyrrell  a($aia  found  two  boalder-clays  separated  by  a  thin  layer  of  lignite.  Geol.  Survey  of  Canada, 
▼oL  ti,  new  series,  p.  143  £. 
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lying  "  quartzite  shingle,"  subsequently  named  by  Mr  McConnell  the 
"  Saskatchewan  gravels,"  *  was,  however,  seen  in  a  number  of  places 
along  the  Bow,  the  evidence  here,  as  elsewhere,  being  such  as  to  shov 
that  this  deposit,  although  widespread,  is  generally  characteristic  of  the 
relatively  lower  tracts  of  the  plains. 

It  is  thus  not  often  possible  to  determine,  where  boulder-clay  is  met 
with  in  isolated  exposures,  whether  the  lower  or  upper  boulderclay  b 
represented,  but  it  is  probable  that  the  upper  or  newest  boulder-clay  \s 
that  generally  seen  in  all  the  more  superficial  excavations. 

*'  Overlying  the  boulder-clay  are  widespread  stratified  deposits,  the  distribution 
of  which  assists  materially  ia  giving  uniformity  to  the  tracts  of  level  plain.  It  Ls 
indeed,  quite  exceptional  to  find  the  surface  soil  consisting  of  boulder-clay  disint*?- 
grated  in  place,  and  this  occurs  only  on  the  slopes  of  plateaus,  or  in  hollows  fomuii 
by  denudation.  That  the  beds  overlying  the  boulder-clay  have  not  been  merely 
formed  by  its  rearrangement  in  water  without  the  addition  of  new  material,  i:«  in- 
dicated by  the  fact  that  in  many  places  erratics  much  larger  than  those  character- 
izing the  boulder-clay  of  the  locality  are  found  strewn  over  the  surface  of  the 
oountry.f  The  beds  observed  in  river  sections  and  elsewhere  to  overlie  the  boulder- 
clay  are  generally  gravels  or  sands  below  and  sandy  or  clayey  loams  above.  The 
latter  form  the  subsoil  over  most  of  the  region,  and  are  generally  rather  fiale 
brownish-  or  yellowish -gray  in  color." 

Further  study  has  served  to  verify  and  in  some  directions  to  amplify 
the  statements  summarized  in  the  foregoing  paragraphs. 

On  the  subject  of  terraces  and  water-leveled  tracts  it  is  said  in  the 
same  report : 

''  Terraces  are  prominent  features  in  some  parts  of  the  river  valleys  in  this  di^ 
trict,  but  are  generally  clearly  due  to  the  action  of  the  river  itself  at  a  fonner 
period.  The  extensive  tracts  of  almost  perfectly  level  prairie  which  occur,  afTuni 
evidence  of  water  action  of  some  duration  and  may  be  regarded  as  wide  terrai«s." 

The  conditions  of  the  drift  deposits  in  the  region  of  the  Porcupine  Hills 
were  not  fully  examined  at  this  time  and  it  is  merely  stated  in  the  report 
that — 

"  The  eastern  fiice  of  the  Porcupine  hills  appears  from  a  distance  to  be  very  dis- 
tinctly terraced,  but  this  aspect  was  found  to  be  due  to  the  outcrop  of  the  nearly 
horizontal  sandstone  beds.'' 

Further  and  more  extended  investigation  in  1894  shows  that  while  the 
existence  of  these  sandstone  outcro])S  has  contributed  to  the  form  a^s- 
suraed  by  the  Porcupine  hills,  true  water-formed  terraces  also  exist  and 
are  actually  found  to  extend  to  very  great  elevations,  as  more  fully  notioetl 
in  the  sequel. 

Respecting  the  general  aspect  of  the  drift  deposits  in  the  foothill  re 

t  Or  "  South  Saskatchewan  gravels.*'    Ann.  Rep.  Geol.  Surrey  of  Canada,  vol.  i,  new  series,  p.  70  C, 
X  Compare  McConnell.    Op.  cit.,  p.  74  C. 
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gion  between  the  Porcupine  hills  and  the  base  of  the  mountains,  little 
change  can  be  made  in  the  following  statement  given  in  the  report  of 

1882.'84 : 

"  Terraces  in  the  entrance  to  the  South  Kootanie  pass,  at  a  height  of  4,400  feet, 
have  already  been  described  in  my  Boundary  Commission  Report  (1875).  In  the 
valleys  of  Mill  and  Pincher  creeks,  and  those  of  the  forks  of  the  Oldman,  east  of 
the  actual  base  of  the  mountains,  wide  terraces  and  terrace-flats  are  found,  stretch- 
ing out  from  the  ridges  of  the  foothills,  and  running  up  the  valleys  of  the  various 
streams.  Actual  gravelly  beaches  occasionally  mark  the  junction  of  the  terraces 
with  the  bounding  slopes,  and  they  have  no  connection  with  the  present  streams, 
which  cut  through  them.  The  level  varies  in  different  localities,  but  the  highest 
ol>scrved  as  well  characterized  attains  an  elevation  of  about  4,200  feet.  In  the  Bow 
valley  near  Morley,  and  thence  to  the  foot  of  the  mountains,  similar  terraces  are 
found,  which  are  quite  independent  of  the  modem  river ;  and  in  the  wide  valley  of 
the  Kananaskis  pass  a  series  of  terraces  was  seen  from  a  distance  which  must  rise 
to  an  elevation  of  at  least  4,500  feet." 

It  is  important  to  note  that  in  all  this  region  there  can  be  no  doubt  as 
to  the  origin  of  the  crystalline  erratics  attributed  to  the  Laurentian  pla- 
teau of  the  east.  Neither  the  Cretaceous  nor  Laramie  rocks  of  the  plains 
nor  the  Paleozoic  strata  of  the  mountains  yield  any  such  material,  while 
ihe  eastern  derivation  of  the  granitic  and  gneissic  drift  is  further  evidenced 
i>y  its  connected  spread  across  the  plains  to  the  region  of  its  supply. 
Thus  the  western  limit  of  such  characteristic  erratics  clearly  indicates 
the  extent  of  the  drift  from  the  Laurentian  plateau.  In  regard  to  this 
western  limit,  it  then  was  observed  that  it  practically  reaches  the  base  of 
the  Rocky  mountains  near  the  forty-ninth  parallel,  where  Laurentian 
boulders  were  found  at  a  height  of  4,200  feet.  Some  30  miles  to  the 
northwest  and  within  a  few  miles  of  the  mountains  similar  erratics  were 
found  at  the  mill  on  Mill  creek  (3,800  feet),  and  one  was  seen  near  Gar- 
nett's  ranch  (4,200  feet).    It  was  added : 

"  I  did  not,  however,  observe  any  Laurentian  drift  on  the  North  fork  of  the  Old- 
man,  and  it  is  probable  that  it  is  absent  or  nearly  so  in  the  district  sheltered  by 
the  higher  parts  of  the  Porcupine  hills.  On  the  Bow  river  no  Laurentian  or 
Huronian  erratics  were  seen  west  of  Calgary,  and  even  after  their  first  appearance 
they  were  very  scarce  for  some  distance  "  (to  the  eastward).  The  elevation  of  the 
i^)w  at  Calgary  is  3,393.6  feet,*  and  in  comparing?  this  with  that  of  the  more 
southern  localities  the  conclusion  was  drawn  that  '*  the  western  limit  of  the  Lau- 
rentian drift  cannot  conform  strictly  to  any  contour  line  of  the  present  surface  of 
the  country." 

The  later  investigations  tend  somewhat  to  modify  the  above  state- 
ments in  showing  that  Laurentian  drift  does  occur  in  a  scanty  and 

*Thifl  and  some  other  eleratiotm  gi?en  here  are  derived  from  the  resultn  of  the  irrigation  sur- 
▼''y  or  from  railway  surreya.  Most  of  the  heights  are  le^s  precise,  depending  on  barometric  ob- 
MfrTAiiocia  reduced  by  comparison  with  Calgary.  All  may,  howerer,  be  accepted  within  maximum 
Umiu  of  error  (±)  of  20  feet,  and  are  suffiolently  exact  for  all  purposes  of  the  present  paper. 
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sporadic  manner  behind  the  Porcupine  hills,  and  also  by  the  discoTerr 
of  such  erratics  on  hills  of  some  height  above  the  Bow  river  at  Calgarj, 
although  that  place  still  remains  the  western  limit  in  so  far  as  the  valley 
of  the  Bow  is  concerned. 

The  elevations  just  mentioned  were  not,  however,  the  hij^hest  at  which 
Laurentian  erratics  were  found  previous  to  the  publication  of  the  report 
of  1882-'84,  for— 

*'  la  1883  several  indubitable  Laurentian  boulders,  representing  three  varieties 
of  granitic  and  gneissic  rocks,  were  found  about  20  miles  north  of  the  forty -ninth 
parallel,  at  an  elevation  of  5,280  feet." 

• 

These  boulders  occur  stranded  upon  a  morainic  ridge,  due  to  local 
glaciers  of  the  adjacent  mountains.  On  a  plateau  to  the  south  of  the 
Porcupine  hills  Laurentifin  stones  were  found,  though  not  abundantly, 
at  a  height  of  4,390  feet,  while  similar  erratics  were  observed  to  be  scat- 
tered over  the  high  country  near  Milk  river  at  a  distance  of  from  30  to  40 
miles  from  the  mountains  and  at  an  elevation  of  4,200  feet.  The  obser- 
vations since  made  in  the  Porcupine  hills  enable  considerable  additions 
to  be  made  to  our  previous  knowledge  of  the  maximum  height  attained 
by  such  eastern  drift  near  the  Rocky  mountains. 

Digressing  for  a  mon^ent  to  places  farther  from  the  eastern  base  of  the 
mountains,  it  will  be  useful  to  remember  that  on  West  butte  of  the  Sweet 
Grass  hills,  90  miles  east  of  the  mountains,*  Laurentian  fragments  were 
found  to  a  height  of  4,660  feet,  while  according  to  Mr  McConnell  the  drift 
of  this  origin  finds  its  limiting  height  on  the  Cypress  hills  200  mQes  from 
the  mountains,  at  4,400  feet.t  Both  the  places  last  mentioned  are  not 
far  from  the  forty-ninth  parallel ;  but  much  farther  to  the  north,  in  the 
Hand  hills  (latitude  51^  25',  longitude  112^  20^),  Mr  J.  B.  Tyrrell  has  found 
a  similar  upper,  limit  for  Laurentian  boulders  at  3,400  feet  J  These  ob- 
servations are  cited  here  for  purposes  of  comparison. 

In  the  report  of  1882-'84  it  was  stated  that  a  similar  limit  occurred  on 
the  Rocky  Spring  ridge  of  northern  Montana,  10  miles  south  of  the  bound- 
ary line  and  66  miles  from  the  mountains,  at  4,100  feet.  The  plateau  only 
slightly  exceeds  this  height,  and,  while  convinced  of  the  accuracy  of  the 
observation  at  the  time,  its  wide  discrepancy  from  other  results  may  per- 
haps be  regarded  ^as  leaving  it  open  to  suspicion.  I  have  not  had  an  op- 
portunity since  of  verifying  it. 

Before  dealing  with  the  facts  ascertained  in  1894,  it  should  be  noted  that 
Mr  McConnell  had  in  1890  carefully  examined  the  sections  of  the  glacial 
deposits  along  Bow  river  between  the  mountains  and  Gleichen  (about  SO 

*  In  this  aDd  other  cases,  unless  othertvi.se  noted,  distances  from  the  mouQCalns  ara  meiwured  at 
right  anffles  from  the  nearest  part  of  the  base  of  the  range, 
t  op.  cit.,  p.  76  C. 
X  A.nnaal  Report,  Qeol.  Survey  of  Canada,  vol.  II  (n,  s.),  p.  145  B. 
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miles  eastward),  and  there  found  reason  to  believe  that  the  Saskatchewan 
gravels  of  the  plains  represent  and  gradually  pass  into  a  "  western  boulder- 
clay  "  in  approaching  the  mountains.  This  observation  has  remained  un- 
published, but  now  appears  to  be  well  established,  and  it  follows  from  it, 
taken  in  connection  with  the  facts  already  summarized,  that  there  are  no 
less  than  three  distinct  boulder-clays  in  the  region  here  treated  of,  the  old- 
eat  or  "  western  "  boulder-clay  being  followed  in  time  by  that  previously 
named  the  "  lower  "  boulder-clay,  which  is  in  turn  distinctly  separated 
from  the  "  upper  "  boulder-clay  over  a  considerable  part  of  the  district,  at 
least,  by  interglacial  deposits.  The  western  boulder-clay,  as  its  name  im- 
plies, contains  no  Laurentian  or  Huronian  material,  while  such  material, 
as  well  as  limestone  derived  from  the  Winnipeg  basin,  is  present  in  both 
the  others.  This  general  statement  will  serv&as  a  clue  to  many  of  the 
observations  subsequently  detailed. 

In  further  presenting  the  results  of  recent  observations  attention  will 
first  be  given  to  the  sections  found  on  the  Belly  and  Oldman  rivers,  to 
the  surface  of  the  plains  in  their  vicinity,  and  to  the  wide  low  area  which 
is  occupied  by  the  tributaries  of  the  Oldman  in  the  neighborhood  of  the 
mountains. 

Sections  in  the  Valleys  of  Oldman  and  Belly  Rivers. 

Although  in  the  report  of  1882-'84  the  occurrence  of  two  boulder-clays 
with  an  interglacial  deposit  was  noted  at  Coal  Banks  (now  Lethbridge) 
and  a  photograph  was  reproduced  showing  these  deposits  there  running 
for  miles  along  the  bluffs  of  the  river  valley,  no  detailed  section  was  re- 
corded for  this  place.  A  careful  examination  was  made  of  this  section 
in  1894,  at  a  place  about  four  miles  north  of  Lethbridge,  with  the  follow- 
ing result:  The  valley  of  the  river  at  this  place  is  cut  down  about  300 
feet  into  the  prairie.  From  60  to  80  feet  above  the  water  level  is  occu- 
pied by  dark  shales  of  the  Pierre  formation  of  the  Cretaceous,  resting 
upon  which,  along  a  perfectly  even  line,  are  the  Saskatchewan  gravels  or 
**  quartzite  drift,"  with  a  thickness  from  10  to  15  feet.  The  upper  part  of 
the  shales,  to  a  depth  of  two  feet,  is  weathered  and  brownish  in  color. 
The  gravels  are  coarse,  often  containing  stones  up  to  six  inches  in  diam- 
eter, all  well  smoothed  and  water-worn,  but  often  not  perfectly  rounded. 
They  are  generally  arranged  in  a  rather  tumultuous  manner ;  that  is, 
not  in  r^ular  layers  graded  according  to  size,  and  with  the  pebbles  some- 
times standing  on  end.  The  interspaces  are  filled  with  a  coarse  gray 
sand,  and  a  similar  material  forms  occasional  discontinuous  layers  a  few 
inches  or  feet  in  thickness  on  the  upper  surface  of  the  gravels.  The 
stones  are  chiefly  characteristic  Rocky  MoUntain  quartzites,  but  a  con* 
siderable  number  of  pebbles  of  limestone  from  the  same  source  are  in- 
cluded, as  well  as  a  few  examples  of  the  peculiar  Rocky  Mountain 

VI— BvLL.  Qbol.  Soc.  Ax.,  Vol.  7,  1895. 
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"  greenstone,"  about  which  some  remarks  are  made  subsequently.  One 
or  two  pebbles  of  peculiar  crystalline  rocks,  not  Laurentian,  and  prob- 
ably from  intrusive  masses  in  the  mountains,  were  also  found. 

The  Saskatchewan  gravels  are  sharply  cut  off  above  by  a  dark  boulder- 
clay,  the  color  of  which  is  evidently  due  to  the  incorporation  of  a  consid- 
erable proportion  of  the  material  of  the  Pierre  shales  and  in  which  rather 
numerous  crumbs  of  the  coal  of  the  vicinity  are  contained.  The  included 
stones  are  varied  in  origin,  embracing  quartzites  from  the  mountain.^. 
Laurentian  gneisses  and  some  limestone  of  mountain  origin,  all  ofl^n 
distinctly  striated  and  glaciated.  The  thickness  of  this  boulder-clay  is 
about  50  feet. 

Next  in  ascending  order  is  a  thickness,  from  25  to  30  feet,  of  pale 
colored  silty  beds,  often  very  finely  stratified  and  in  certain  layers  assum- 
ing a  *•  leathery  "  character  and  showing  layers  of  almost  paper-like  fine- 
ness. Crumbs  of  coal  are  present,  but  no  lignite  or  peaty  layer  is  here 
seen.  This  well  bedded  intercalation  preserves  its  place  and  character 
for  miles  along  the  valley  and  is  continuous  with  that  previously  de- 
scribed lower  down  the  river.* 

Overlying  the  last  is  the  "  upper  "  boulder-clay,  yellowish  gray  in  color, 
and  this,  so  far  as  can  be  ascertained,  extends  nearly  or  quite  to  the  top 
of  the  bank  or  the  general  level  of  the  adjacent  prairie.  Stones  and 
boulders  are  not  notably  abundant  in  it  at  this  place,  but  those  which 
occur  came  both  from  the  mountains  on  the  west  and  the  Laurentian 
plateau  on  the  east. 

Summarizing  this  section  and  placing  it  in  relation  to  others  described 
in  the  report  of  1882-'84,  we  obtain  the  following  representation  of  the 
drift  deposits  of  this  part  of  the  plains,  the  section  on  the  right  being  tliat 
farthest  from  the  base  of  the  mountains : 

Sections  on  Belly  River, 


Near  Lethbridge. 

Driftwood  bend. 

Wolf  island. 

Distance    from    mountains,  6U 
miles. 

Height  of  base  of  section,  2,665 
feet. 

Distance    from    mountains,  76 
miles. 

Height  of  base  of  section  (ap- 
proximate), 2,360  feet. 

Distance    from    mount«iD.«i.  ^t 
miles. 

Height  of  base  of  section  (ap- 
proximate), 2,270  feetv 

Feet. 
Upper  boulder-clay  (about)..  140 

Interslacial  deposits^ 30 

Feet. 
40 

Ftit 

(Sands,  ironstone,  carbon- 
aceous layers) 33 

80 

(Sandy  clay,  with  lignite)...     » 
\h 

Lower  boulder-clay 60 

Saskatchewan  gravels 16 

Pierre  (Cretaceous)  shales..    65 

300 

(Below  river  level.) 

163 

(Oravels,  sands  and  clay)....    *• 

(Cretaceous  rocks) ^'' 

173 

•  Report  of  Progress,  Geol.  Survey  of  Canada,  1882-84,  p.  144  C. 
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Before  continuing  the  notes  made  in  the  deeper  river  sections  to  the 
westward  of  Lethbridge,  a  few  words  may  be  devoted  to  the  character  of 
the  general  surface  of  the  plain  corresponding  to  the  sections  above  cited. 
This  is  well  shown  in  numerous  fresh  cuttings  along  the  line  of  railway 
between  Dunmore  (near  Medicine  Hat)  and  Lethbridge,  a  distance  from 
east  to  west  of  100  miles.  Whether  in  the  rolling  prairie  toward  the  east 
or  the  nearly  level  prairie  to  the  west,  the  surface  is  almost  uniformly 
composed  of  gray  or  brownish  gray  silty  or  loamy  material,  of  which 
the  depth  may  be  stated  to  vary  from  two  to  five  feet,  although  cer- 
tainly greater  in  some  places.  On  the  crests  of  knolls  and  ridges  and 
in  some  of  the  valleys  which  have  evidently  been  cut  out  by  postglacial 
flows  of  water,  this  deposit  has  been  removed,  leaving  a  grayish  boulder- 
clay,  which  sometimes  contains  large  stones  at  the  surface.  The  stones 
are  generally  Laurentian,  but  are  seldom  abundant.  It  might  be  sup- 
posed that  the  prolonged  action  of  rains  or  that  even  of  the  winds  would 
in  time  produce  a  surface  deposit  of  this  kind,  but  much  of  the  plain  is 
so  entirely  flat  that  such  explanations  appear  improbable.  Neither  are 
the  projecting  ridges  notably  bouldery,  as  should  be  the  case  if  much 
denudation  of  their  finer  material  had  occurred,  and  the  circumstances 
favor  a  belief  that  the  silty  deposits  have  been  laid  down  in  a  body  of 
rather  shallow  water,  coextensive  with  the  plain  itself,  in  which  some 
slight  rearrangement  of  the  exposed  parts  of  the  boulder-clay  has  taken 
place.  There  is  some  appearance  of  rolled  gravelly  deposits  about  the 
slopes  of  the  ridges,  but  the  cuttings  are  insufficient  to  show  these  fully. 

Following  the  axis  of  the  main  depression  already  alluded  to,  no  ex- 
posures have  been  found  further  to  the  westward  in  which  the  lower  and 
an  upper  boulder-clay  are  clearly  distinguished,  and  as  the  sections  are 
not  continuous,  it  becomes  impossible  to  decide  in  each  case  which  is 
represented.  In  an  exposure  nearly  opposite  Rye  Grass  flat,  12  miles 
west  of  Lethbridge  (52  miles  from  the  base  of  the  mountains),  locally 
upturned  Laramie  beds  are  overlain  by  10  feet  of  stratified  sand  and  silt, 
followed  by  20  feet  of  boulder-clay,  which  again  is  followed  by  12  feet  of 
rolled  gravels,  apparently  replaced  in  a  short  distance  horizontally  by 
stratified  sands.  The  whole  section  is  capped  by  some  feet  of  the  loamy 
superficial  silts  above  described.  The  boulder-clay  seen  in  this  section 
includas  a  number  of  discontinuous  layers  of  sand  and  gravel. 

Another  section  of  considerable  length  two  miles  and  a  half  below 
Macleod  (45  miles  from  the  base  of  the  mountains,  elevation  3,024  feet) 
was  carefully  examined  by  Mr  McConnell,  and  is  described  by  him  as 
follows : 

**The  boulder-clay  is  here  45  feet  in  thickness  from  the  river  level  and 
is  overlain  by  20  feet  of  sands  and  silts  which  contain  layers  of  finely 
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foliated  leathery  clays.  The  lower  part  of  the  boulder-clay  is  darker 
in  color  than  the  upper,  but  there  is  no  division  into  upper  and  lower 
members,  as  dark  and  light  layers  alternate  and  change  in  color  when 
followed  along  the  bank.  Stones  both  of  western  and  eastern  origin 
occur  throughout,  the  former  preponderating  toward  the  bottom  and  the 
latter  toward  the  top.  The  mass  of  the  boulder-clay  is  in  some  places 
hard  and  clayey,  in  others  soft  and  sandy,  that  of  the  last  mentioned 
character  passing  occasionally  into  layers  of  sand  and  gravel." 

The  stratified  sands,  silts  and  leathery  clays  or  shales  of  the  above 
section  much  resemble  the  interglacial  beds  of  Lethbridge,  but,  as  already 
stated,  there  is  here  no  means  of  certainly  identifying  the  boulder-clay- 

Farther  up  along  Oldman  river,  at  the  mouth  of  Beaver  creek  (28  miles 
from  the  mountains,  elevation  about  3,260  feet),  a  bank  examined  by 
Mr  McConnell  shows,  above  the  river  level,  "  50  feet  of  compact  boulder- 
clay  overlain  by  6  feet  of  stratified  silts  and  sands.  There  is  here  a  marked 
diminution  in  the  proportion  of  eastern  drift  as  compared  with  the  last 
section,  a  rough  estimate  making  it  about  two  per  cent  of  the  whole." 

In  the  same  vicinity,  on  Oleson  creek,  about  400  feet  above  the  river 
and  to  the  north  of  it,  a  moderately  indurated  pale  drab  silty  or  sandy 
boulder-clay  was  found  holding  comparatively  few  stones,  but  some  of 
them  distinctly  glaciated. 

Still  further  to  the  westward,  at  the  confluence  of  the  North  and  Middle 
forks  of  the  Oldman  (about  15  miles  from  the  line  of  the  base  of  the 
mountains,  elevation  approximately  8,650  feet),  a  good  section  was  found, 
which  may  be  set  out  as  follows  in  descending  order: 

1.  Well  rolled  and  rounded  gravels,  with  some  stones  as  much  as  8  or  10  inches 

in  diameter,  apparently  all  of  Rocky  mountain  origin 10 

2.  Good  typical  boulder-clay,  moderately  indurated ;  matrix  brownish  yellow 

and  earthy,  containing  glaciated  stones  and  boulders  of  moderate  size, 
mostly  subangular,  but  some  well  rounded,  derived  from  the  mountains 
or  from  the  Cretaceous  rocks  of  the  foothills,  but  chiefly  quartzites ;  some 
limestone  and  a  few  examples  of  greenstone.  Two  or  three  small  pieces 
of  Laurentian  rocks  were  found  which  probably  came  from  this  boulder- 
clay  ....*. 20 

3.  Stratified,  earthy,  brownish  yellow  sands,  containing  a  few  glaciated  stones.     10 

4.  Obscurely  stratified  gravels,  containing  some  stones  10  inches  through,  all 

well  rounded  and  like  beach  or  river  shingle.  Traces  of  glaciation  were 
suspected  on  a  few  of  these,  but  were  in  no  case  observed  to  be  abso- 
lutely decisive.  The  line  between  this  and  the  overlying  deposit  is  quite 
regular  and  definite.  Although  there  is  an  appearance  of  blending  in  a 
thickness  of  a  few  inches,  there  is  no  sign  of  any  intervening  condition 
of  importance 10 

5.  Laramie  sandstones  and  shales  to  river  level 40 

90 
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Numbers  3  and  4  of  this  section  are  believed  to  represent  the  Sas- 
katchewan gravels,  while  number  2  may  be  either  the  lower  or  upper 
lK>ulder-cIay  of  the  plains.  Less  tlian  a  mile  to  the  northward  the  boul- 
der-clay was  observed  to  rest  directly  upon  the  Laramie  rocks,  numbers 
3  and  4  having  run  out.  Number  4  has  in  some  places  a  clayey  matrix, 
thus  banning  to  assume  the  character  of  the  "  western  "  boulder-clay. 

About  two  miles  further  north,  along  the  North  fork  and  well  behind  the 
southern  part  of  the  Porcupine  hilb  (elevation  about  3,900  feet),  another 
section  was  examined,  of  which,  however,  the  total  thickness  remained 
indetermined  because  of  slides  in  the  bank.  This  again  shows  boulder- 
clay  ol'a  somewhat  earthy  and  soft  character,  but  containing  many  stones, 
derived  from  the  mountains  or  adjacent  foothills.  The  limestone  peb- 
bles are  often  distinctly  but  very  lightly  striated,  and  have  apparently 
been  well  rounded  by  ordinary  water  action  before  the  striation  had  been 
added.  Two  small  crumbs  of  Laurentian  material  were  discovered  by 
search  on  the  face  of  this  exposure,  but  the  decrease  in  importance  of 
such  material  in  the  boulder-clay  to  the  westward  and  where  sheltered 
by  the  high  ridges  of  the  Porcupines  is  very  apparent. 

The  comparatively  soft  and  earthy  character  of  the  boulder-clay  seen 
behind  the  Porcupine  bills  was  generally  observable. 

Reverting  to  the  main  line  of  approach  which  we  have  been  following 
toward  the  mountains,  an  exposure  on  the  South 
fork  of  tbe  Oldman,  examined  in  1883,  may  next 
be  alluded  to.  This  is  distant  from  the  moun- 
tains about  12  miles,  with  an  approximate  ele- 
vation of  3,r00  feet.  It  again  shows  a  boulder- 
clay,  similar  to  the  last,  overlying  a  few  feet  of 

gravel  derived  from  the  mountains.     Both  de-    fiodhb  j.-s-kwi.  o«  (A-r  sourt 
posits  occupy  a  hollow,  possibly  that  of  an  old         Fori  «/ oldman  Rivn. 
river  valley,  as  shown  in  the  diagram  annexed,    ^-^^''■^""'•l'"""'"'^'**^) 

In  1881  another  section  was  noted  on  Mill      ^^saakaichemn  gravels, 
creek,  sUll  nearer  to  the  mountains  (six  miles      c=fi«iy«r»ufiedc!ay». 
distant,  elevation  3,817   feet),   which  showed      £- surface  gravel, 
houlder-clay  of  the  usual  character  underlain      ^=«o'i- 
by  a  very  hard  boulder-clay  or  till  of  different    p^^^ri^i^^P  **"  '^"' 
a.^pect,  below  which  was  a  few  feet  in  thickness 

of  fine,  compacted  gravels.  Some  Laurentian  stones  were  found  on  the 
surface  in  this  vicinity  above  the  level  of  the  section,  but  none  were  seen 
in  it.  A  similar  instance  of  bouldery  clay  overlying  thin  layers  of  gravel 
was  discovered  in  the  same  year  high  upon  Pincher  creek,  in  this  neigh- 
borhood, within  a  couple  of  miles  of  the  actual  base  of  the  mountains. 

The  two  last  mentioned  localities  are  within  the  limit  of  the  country 
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characterized  by  moraines,  evidently  due.to  local  glaciers  from  the  Rocky 
mountains,  and  the  indurated  boulder-clay  of  the  Mill  Creek  section  is 
believed,  like  the  moraines,  to  be  a  deposit  of  these  glaciers.  The  lower 
gravels  in  this  case  and  in  that  of  Pincher  creek  are  obviously  due  to  pre- 
glacial  streams  flowing  from  the  mountains,  and,  although  the  name  Sa8- 
katchewan  gravels  may  be  applied  to  them,  they  here  evidently  antedate 
the  eastern  gravelly  representative  of  the  Rocky  mountains  or  earliest 
boulder-clay.  Further  to  the  east,  where  this  boulder-clay  gradually 
passes  into  such  gravels,  there  is  no  means  of  distinguishing  between 
wholly  preglacial  beds  and  those  which  may  have  been  formed  during 
the  main  period  of  the  Rocky  Mountain  glaciers.  Many  exposures  of  the 
Saskatchewan  gravels  may  include  both,  and  this  without  necessitating 
the  supposition  of  any  great  chronologic  break. 

Southern  Part  of  the  Porcupine  Hills. 

Having  thus  followed  the  main  southern  line  of  approach  at  low  levels 
to  the  mountains,  attention  may  next  be  given  to  the  southern  end  of  the 
Porcupine  hills,  which  overlooks  this  avenue  on  the  north  side,  at  a  dis- 
tance from  about  15  to  30  miles  from  the  base  of  the  mountains.  Oleson 
and  Beaver  creeks  flow  southward  from  this  end  of  the  hills,  and  it  was 
chiefly  in  the  vicinity  of  these  streams  that  the  observations  noted  were 
made. 

In  traveling  westward  from  Macleod  (situated  on  the  plains  at  an  ele- 
vation of  3,070  feet)  to  Oleson  creek  by  the  regular  trail  north  of  Oldman 
river,  a  distance  of  14  miles,  a  gradual  ascent  is  made  which  becomes 
greater  as  the  flanks  of  the  hills  are  reached.  The  following  terrace 
levels  were  noted  on  this  route : 

North  of  Macleod  an  extensive  gravel  plain  forming  the  angle  between 
Oldman  and  Willow  rivers  is  reached.  This  rises  gradually  from  3,130 
feet  in  a  distance  of  a  couple  of  miles  to  3,220  feet.  Its  surface  is  not  abso- 
lutely flat,  but  is  diversified  by  low  swells  or  ridges,  which  generally  trend 
north  and  south. 

This  plain  is  bounded  to  the  west  by  a  distinct  rise  leading  to  another 
similar  plain  or  wide  terrace,  also  gravelly,  of  which  the  eastern  part  is  at  a 
height  of  3,275  feet,  and  which  continues  to  slope  up  gradually  to  the  west- 
ward. The  gravels  of  this  plain  and  the  last  are  composed  chiefly,  but 
not  entirely,  of  well  rolled  Rocky  Mountain  quartzites.  At  3,286  feet  on 
this  second  plain  is  found  running  northward  a  line  of  remarkable  large 
boulders,*  composed  of  quartzite  or  conglomerate.    These  are  identical 


*  These  remarkable  bouldera  are  in  sise  and  composition  unlike  any  observed  in  the  boulder- 
clayn.  They  have  andoubtedly  been  water-borne  and  may  probably  have  been  derived  from  some 
particular  region  of  the  Laurentian  plateau  which  became  tributary  at  a  later  stage  of  the  (jrlaciftl 
period. 
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in  character  with  those  noted  in  the  report  of  1882-'84  as  occurring  near 
the  lower  part  of  Waterton  river  at  a  height  of  between  3,200  and  3,3(X) 
feet,*  and  it  may  be  added  here  that  boulders  of  the  same  kind  were 
found  by  Mr  McConnell  on  the  northern  part  of  the  Porcupine  hills  at  a 
height  of  3,950  feet,  and  on  the  Nose  hills  near  Calgary  at  3,940  feet. 

At  3,316  feet  is  a  boulder-strewn  terrace  with  some  pretty  large  boul- 
ders, both  of  Rocky  mountain  and  Laurentian  origin ;  at  3,387  feet, 
another  terrace  similarly  characterized ;  at  3,532  feet,  a  terrace  with  rolled 
gravel  on  the  surface  and  an  abundance  of  eastern  drift,  and  again  at  3,643 
feet  occurs  still  another  well  marked  and  wide  terrace  with  similar  mixed 
drift. 

From  this  a  descent  was  made  to  our  camp  on  Oleson  creek  (3,600  feet) 
and  from  this  place,  in  the  course  of  a  rather  long  excursion  in  the  hills 
to  the  northward,  the  following  terrace-levels  at  greater  altitudes  were  ob- 
served. These  are  briefly  enumerated  below,  but  it  must  be  understood 
that  many  more  such  levels  might  have  been  noted  had  further  time  been 
given  to  the  investigation.  Possibly,  at  a  distance  of  some  miles,  a  quite 
different  series  of  water-levels  would  have  been  recognized,  for  it  appears 
probable  that  almost  every  stage  in  a  gradual  descent  of  the  water-line 
may  be  found  to  be  marked  in  some  part  of  the  Porcupine  hills. 

3,S53  feet,  a  terrace-like  flat  with  rolled  qaartzite  and  Laurentian  gravel. 

3,877  feet,  an  evident  terrace  with  similar  gravels,  including  some  Rocky  mountain 

limestone. 
3,898  feet,  a  fointly  impressed  terrace  with  similar  gravels. 
4,182  feet,  approximately,  a  terrace  with  similar  gravels. 
4,281  feet,  a  terrace  with  similar  graVels. 
4,349  feet,  a  terrace  with  similar  gravels,  many  lai)^  well  rounded  stones,  and  a 

considerable  proportion  of  limestone  referable  to  the  Winnipeg  basin. 
4,505  feet,  a  flat-topped  bill,  the  highest  in  this  vicinity,  and  evidently  marking  a 

terrace-level,  covered  with  similar  well  rolled  gravels,  including  Rocky 

Mountain  quartzites  and  limestone,  as  well  as  Laurentian  gneisses  and 

Winnipeg  limestones. 

It  is  thus  evident  that  from  the  level  of  Macleod  to  the  highest  point 
above  noted  there  is  an  uninterrupted  series  of  terraces,  covered  with  well 
rounded  pebbles  of  mixed  eastern  and  western  origin.  The  erratics  of 
eastern  origin  are  not  less  abundant  at  higher  than  at  lower  levels,  and 
while  some  of  the  Rocky  Mountain  stones  are  of  considerable  size,  the 
gneissic  Laurentian  boulders  are,  on  the  whole,  larger  at  high  levels,  being 
often  as  much  as  three  feet  in  diameter,  while  some  large  pieces  of  Win- 
nipeg limestone  were  also  seen  at  the  highest  levels.  No  glaciated  stones 
were  observed  on  these  higher  terraces,  nor  any  signs  of  glaciation  on  the 

*  Op.  oit.  U  pp.  8,  C,  149  c. 
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sandstone  outcrops  where  these  occur,  but  the  rock  in  place  is  rather  too 
soft  to  preserve  such  traces  well  had  they  existed  upon  it.  The  peculiar 
greenstone  of  the  Rocky  mountains  before  referred  to  is  not  infrequent  at 
all  levels,  and  as  this  particular  rock  occurs  in  place  in  the  mountains  (as 
an  interbedded  layer)  scarcely  as  far  north  as  latitude  49^  3ff,  it  must 
have  traveled  in  a  northeastward  direction  in  order  to  reach  this  part  of 
the  Porcupine  hills.  The  matrix  of  the  gravels,  wherever  seen,  is  a  whitish 
silty  or  sandy  material,  perhaps  in  part  composed  of  disintegrated  sand- 
atones  of  local  origin,  but  including  grains  of  similar  composition  to  the 
pebbles  themselves. 

The  flat  outlines  of  the  hills  in  all  this  south^^tern  part  of  the  Porcu- 
pines appears  to  be  in  the  main  plainly  due  to  water-levelling,  although 
assisted  by  the  practically  horizontal  attitude  of  the  sandstone  beds. 
From  the  highest  point  here  reached  the  terracing  of  the  hills  may  be 
finely  seen  for  many  miles  to  the  northward,  but  still  higher  and  partly 
wooded  ridges  to  the  westward  showed  toward  their  summits  an  alto- 
gether different  and  rougher  character,  although  fundamentally  composed 
of  the  same  Laramie  rocks.  The  highest  terrace  seen  on  the  hills,  near 
the  headwaters  of  Beaver  creek,  was  very  well  marked,  and  was  estimated 
by  eye  from  a  distance  to  reach  about  4,900  feet  above  sealevel. 

In  continuing  the  inquiry  it  became  evidently  necessary  to  examine 
the  higher  ridges  above  alluded  to,  and  this  was  accomplished  from  the 
upper  valley  of  Beaver  creek,  whence  an  ascent  was  made  to  the  highest 
point  in  that  vicinity,  locally  known  as  Five-mile  butte.  In  this  region 
the  total  amount  of  foreign  drift  is  less  considerable  and  distinct  terraces 
are  seldom  observable,  fieicts  doubtless  due  to  the  shelter  afforded  by  adja- 
cent highlands  on  all  sides,  but  particularly  to  that  of  the  wide  belt  of 
hills  and  ridges  to  the  eastward.  Our  camp  on  Beaver  creek  was  at  an 
elevation  of  4,222  feet,  and  in  ascending  from  it  to  Five-mile  butte,  on  the 
east  side  of  the  valley,  the  following  notes  were  made : 

4,950  feet,  a  few  well  rolled  pieces  of  Laarentian,  Winnip^  limestone  and  Rocky 

Mountain  quartzites. 
9,070  feet,  a  few  small  Laurentian  pebbles. 
5,144  feet,  Laurentian  boulders  2  feet  6  inches  through,  Rocky  Mountain  limestone, 

quartzite  drift  and  probably  a  little  Winnipeg  limestone. 
5,250  feet,  a  projecting  point  on  the  high  ridge  showing  abundance  of  well  rounded 

Laurentian  and  quartzite  drift. 
At  5,300  feet  the  ridge  becomes  flat-topped  and  probably  marks  a  terrace-level.    It 

is  strewn  with  numerous  well  rolled  pebbles  of  eastern  and  western  origin, 

including  Laurentian,  Winnipeg  limestone,  and  Rocky  Mountain  limestone 

and  quartzite.    Some  of  the  Laurentian  boulders  are  2  feet  in  diameter. 
Above  this  level  nothing  but  debris  of  local  sandstones  was  found,  the  highest  point 

of  Five-mile  butte  being  reached  at  5,365  feet. 
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It  will  be  noted  that  the  Laurentian  drift  is  in  this  neio;hborhao<l 
markedly  more  abundant  at  the  higher  levels,  the  upper  limit  of  the 
traveled  material  standing  above  all  the  hills  and  ridges  to  the  eastward. 
A  distinct  terrace  was  observed  on  the  opposite  (west)  side  of  Beaver 
Creek  valley  at  an^estimated  height  of  about  6,130  feet.  This  may  pos- 
sibly correspond  with  that  previously  noted  as  seen  from  the  hills  above 
Oleson  creek,  but  is  not  the  same.  The  levels  in  both  cases  are  neces- 
sarily somewhat  uncertain. 

In  crossing  the  last  ridge  of  the  Porcupines  on  the  west,  between  Beaver 
creek  and  the  North  fork  of  Oldman  river,  a  height  of  4,986  feet  was 
reached,  and  here  a  few  pebbles  of  Rocky  mountain  origin  were  found, 
although  on  projecting  points  200  feet  higher  no  traveled  drift  was  ob- 
ser\'ed.  This  evidence  is,  however,  of  a  purely  negative  character.  On 
the  west  slope,  in  descending  toward  the  North  fork,  Laurentian  drift 
was  first  recognized  at  4,710  feet  and  continued  sparingly  down  to  about 
4,060  feet.    None  was  seen  near  the  river  itself  (3,960  feet). 

Plain  and  Valley  West  of  the  Porcupine  Hills. 

Between  the  Porcupines  and  the  foothills  proper  a  plain  some  miles 
in  width  here  runs  north  and  south.  This  to  the  eye  appears  almost 
perfectly  level.  It  is  continued  southward  beyond  the  Middle  and  South 
forks  of  the  Oldman  with  increasing  width  and  probably  with  a  some- 
what decreasing  elevation.  The  lowest  part  of  this  plain  actually  trav- 
ersed on  our  route  is  near  the  confluence  of  the  North  and  Middle  forks, 
with  an  elevation  of  3,750  feet.  In  about  three  miles  farther  north  it 
rises  gradually  to  4,140  feet,  the  surface  being  generally  gravelly  (num- 
ber 1  of  section  on  page  42).  This  gravel  plain  resembles  in  character 
that  occurring  near  Macleod  at  an  elevation  lower  by  about  1,000  feet, 
but  no  eastern  drift  was  found  among  the  pebbles,  which  appear  to  have 
been  entirely  brought  down  by  rivers  flowing  from  the  mountains. 

In  following  the  plain  northward  it  becomes  narrowed,  but  again  widens 
about  the  bend  of  the  North  fork,  where  its  average  elevation  is  about 
4,200  feet.  From  this  vicinity  (near  the  Upper  Walrond  ranch)  the  wide 
valley  of  North  fork  runs  northwestward  to  the  base  of  the  mountains. 
It  is  floored  by  a  regular  terrace,  apparently  in  continuation  of  the  plain 
last  referred  to,  which  attaches  to  the  bases  of  the  neighboring  hilla  some 
miles  to  the  west  at  an  elevation  of  about  4,400  feet. 

From  the  Upper  Walrond  ranch  a  continuous  valley,  bounding  the 
Porcupine  hills  on  the  west,  runs  northward  to  Highwood  river,  a  distance 
of  48  miles.  A  very  few  small  Laurentian  boulders  were  seen  near  the 
ranch,  and  one  was  observed  about  a  mile  and  a  half  to  the  north  at  a 
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height  of  4,400  feet;  but  no  more  eastern  drift  of  any  kind  was  found 
along  the  valley  for  30  miles  northward.  If  not  entirely  absent,  it  must 
here  be  extremely  scarce. 

At  the  distance  just  noted,  near  the  chain  of  small  lakes  between  the 
North  branch  of  Willow  creek  and  the  South  branch  of  the  Highwood, 
where  the  wide  gap  of  the  Highwood  valley  begins  to  lay  the  country 
traversed  more  open  to  the  eastward,  a  single  Laurentian  boulder  was 
again  seen.  This  was  opposite  the  third  or  northernmost  lake,  at  an 
elevation  of  4,406  feet. 

In  this  vicinity  a  well  marked  terrace  was  also  found  at  4,270  feet,  with 
several  others  faintly  impressed  on  the  hillsides  up  to  4,600  feet,  but  no 
higher.  The  upward  limit  of  terracing  and  of  thick  drift  deposits  ap- 
pears here  to  be  well  defined.  Large  fragments  of  Rocky  Mountain  lime- 
stone are  found  here  and  there  throughout  this  part  of  the  foothills  gen- 
erally stranded  on  prominent  ridges  of  sandstone. 

At  the  head  of  the  South  branch  of  the  Highwood,  brownish  earthy 
boulder-clay,  with  stones  wholly  derived  from  the  mountains,  was  seen 
in  the  bank  of  a  stream  apparently  resting  directly  on  bed-rock.  The 
s^urface  of  this  boulder-clay  forms  a  wide  terrace-level  in  which  the  stream 
vaUey  is  cut  out,  with  an  elevation  of  4,240  feet,  rising  to  about  4,290  feet 
where  it  meets  the  slopes  of  the  hills.  In  following  the  South  branch 
northward  to  a  point  six  miles  from  its  confluence  with  the  main  High- 
wood,  at  a  height  of  3,960  feet,  boulder-clay  like  the  last  was  again  seen, 
but  here  holding  a  few  very  small  Laurentian  fragments. 

Highwood  River  and  Vicinity. 

To  the  eastward  of  the  South  branch  Mr  McConnell  made  a  long  detour 
among  the  northern  ridges  and  plateaus  of  the  Porcupine  hills,  the  high- 
est of  which  are  there  about  4,740  feet.  Upon  these  he  found  abundance 
of  Rocky  Mountain  limestone  and  quartzite,  but  no  eastern  drift  above 
4,150  feet  and  very  little  drift  of  this  origin  anywhere* 

In  the  bank  of  the  main  Highwood,  four  miles  above  the  mouth  of  the 
South  fork  (13  miles  from  the  base  of  the  mountains,  elevation  about 
3,700  feet),  Mr  McConnell  examined  a  section  showing  35  feet  of  boulder- 
clay  overlain  by  a  considerable  thickness  of  silts,  and  these  in  turn  capped 
by  river  gravels.  The  boulder-clay  is  dark  brownish  below  and  light  yel- 
lowish above,  with  stones  seldom  exceeding  six  inches  in  diameter,  which, 
so  far  as  observed,  are  wholly  of  western  origin. 

From  the  mouth  of  the  South  branch  the  Highwood  was  followed  down 
to  the  crossing  of  the  railway,  and  midway  between  these  points  some 
fine  sections  were  found  (see  plate  1).    The  height  of  the  river  is  here 
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about  3,500  feet  and  the  distance  from  the  mountains  19  or  20  miles.    In 
descending  order,  the  bluffs  here  show — 

Feet 

1.  Well  etratified  and  current-bedded  silts 5 

2.  Pale  yellowish  gray  boalder-clay 15 

3.  Dark  gray  boulder-clay 20 

4.  Laramie  sandstones  and  shales 15 

55 

Both  parts  of  the  boulder-clay  hold  many  and  some  large  stones,  often 
well  glaciated  and  apparently  all  of  western  origin.  The  line  between 
the  two  layers  of  boulder-clay  is  horizontal  and  quite  distinct.  Many  of 
the  larger  stones  occur  about  this  level,  and  one  of  them  was  seen  to  lie 
about  half  in  the  lower  and  half  in  the  upper  division.  It  is  not  certainly 
known  that  the  division  between  two  classes  of  boulder-clay  found  in 
this  and  the  preceding  section  corresponds  with  the  horizon  of  the  inter- 
glacial  deposits  previously  described,  but  it  is  believed  that  numbers  1  and 
2  correspond  with  numbers  2  and  3  of  the  Calgary  section  (see  page  53). 

A  very  few  Laurentian  fragments  were  seen  in  traveling  from  this  place 
eastward  to  the  town  of  High  River,  at  the  railway  crossing  (3,371  feet). 
They  appeared  to  be  more  abundant  to  the  east. 

HiGHwooD  River  to  Calgary. 

From  the  town  of  High  River  the  regular  road  was  followed  north- 
ward to  Calgary,  33  miles,  crossing  Sheep,  Pine  and  Fish  creeks  and 
rising  over  eastward  projections  of  the  lower  plateau,  which  here  repre- 
sents the  Porcupine  hills.  The  highest  point  reached  between  High- 
wood  river  and  Sheep  creek  is  about  3,623  feet.  Here  less  than  one- 
hundredth  of  the  drift  stones  are  Laurentian,  the  rest  being  from  the 
mountains.  At  3,495  feet,  on  the  northern  descent  toward  Sheep  creek, 
perhaps  one-fiftieth  of  the  stones  are  Laurentian,  but  at  a  corresponding 
elevation  on  the  southern  slope  toward  the  Highwood  such  stones  are 
exceedingly  scarce.  At  the  crossing  of  Sheep  creek  (about  3,400  feet)  a 
partially  stratified  stony  deposit,  resembling  boulder-clay  but  showing 
no  striated  stones,  contains  a  considerable  proportion  of  Laurentian  frag- 
ments. 

Between  Sheep  and  Pine  creeks,  beginning  to  the  south  at  about  3,600 
feet,  rising  to  3,790  feet  and  falling  again  toward  Pine  creek  to  3,500  feet, 
is  a  lumpy,  undulating  country,  comprising  some  hollows  and  swampy 
depressions  without  outlet,  and  repeating  somewhat  the  characters  of 
the  Missouri  C6teau  on  a  much  reduced  scale.  The  surface  is  pretty 
thickly  covered  with  soil,  which  is  seen  in  places  to  be  underlain  by  de 
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posits  of  rolled  gravel,  but  no  sections  of  any  depth  occur.  The  extent 
of  this  country  where  crossed  is  about  six  miles.  It  is  the  only  tract 
met  with  in  this  entire  region  which  in  any  degree  simulates  the  characters 
usually  assumed  as  morainic.  Nearly  all  the  stones  are  from  the  west, 
but  a  very  few  Laurentian  boulders  are  seen. 

At  the  north  end  of  the  railway  bridge  over  Fish  creek  a  cutting  has 
been  made  in  pale  grayish  yellow  boulder-clay,  in  which  most  of  the 
stones  are  well  rounded  (though  some  pieces  of  Rocky  Mountain  lime- 
stone are  striated)  and  all  are  of  western  origin.  Laurentian  boulders 
are  here,  however,  not  uncommon  on  the  surface  at  elevations  of  3,400 
to  3,500  feet. 

The  higher  parts  of  a  wide  plain,  through  the  center  of  which  the  Bow 
valley  is  trenched,  in  the  vicinity  of  Pine  creek,  have  a  level  of  about 
3,500  feet. 

Between  Pish  creek  and  Calgary,  at  heights  of  3,400  to  3,600  feet,  Lau- 
rentian boulders  are  found  in  increasing  numbers.  Some  of  them  are 
several  feet  in  diameter,  and  they  are  scattered  over  the  surface  appar- 
ently in  association  with  deposits  overlying  the  boulder-clay. 

Sections  in  Bow  River  Valley. 

At  Calgary  we  reach  Bow  river,  which  has  in  the  introductory  pages 
of  this  paper  been  described  as  the  second  great  avenue  of  approach  to 
the  mountains  at  low  levels  and  the  northernmost  in  the  region  here  con- 
sidered. Following  the  plan  already  adopted  in  the  case  of  the  Belly 
and  Oldman  rivers,  some  notice  will  now  be  given  of  observations  made 
along  the  Bow  from  east  to  west,  or  in  order,  ascending  the  stream  toward 
the  mountains.  These  observations  are  chiefly  those  of  Mr  McConnell, 
who  in  1890  descended  the  river  in  a  boat  from  Morley  to  the  Blackfoot 
crossing  with  the  special  purpose  of  investigating  the  superficial  deposits, 
and  supplemented  this  by  a  critical  examination  of  these  deposits  at 
Medicine  Hat.  Medicine  Hat  is  situated  at  a  distance  of  about  155  miles 
from  the  nearest  part  of  the  mountains  and  about  270  miles  from  the 
mountains  by  a  line  measured  along  the  general  course  of  the  Bow  and 
South  Saskatchewan  rivers.    Mr  McConnell  writes : 

''  The  glacial  deposits  at  Medicine  Hat  consist  of  light  colored  com- 
pact boulder-clays  of  the  ordinary  type,  but  showing  in  places  faint  lines 
of  stratification,  overlain  by  stratified  sands  and  underlain  by  beds  of 
quartzite  pebbles,  occasionally  cemented  into  a  conglomerate  and  some- 
times associated  with  sands  and  silts. 

'*  The  line  between  the  material  derived  from  the  east  and  that  coming 
from  the  west  is  here  drawn  at  the  base  of  the  boulder-clay ;  above  that 
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horizon  eastern  gneissic  and  limestone  boulders  and  pebbles,  the  latter 
often  striated,  are  common,  but  no  rooks  of  undoubted  western  origin 
were  observed.  The  beds  of  well  rounded  quartzite  pebbles  below  the 
boulder-clay,  on  the  other  hand,  are  derived,  so  far  as  known,  entirely 
from  the  west,  although  they  may  here  in  part  represent  redistributed 
Miocene  conglomerates  like  those  of  the  Cypress  hills,  which  were  brought 
down  from  the  mountains  in  Miocene  times. 

"  Twenty  miles  above  the  Blackfoot  crossing  or  175  miles  above  Medi- 
cine Hat,  where  the  next  section  was  examined,  the  conditions  have 
entirely  changed.  At  this  particular  place  the  underlying  gravels  are 
absent  and  the  boulder-clay  holds  both  eastern  and  western  drift  inti- 
mately commingled  throughout,  pebbles  of  unmistakable  Lauren tian 
gneisses  and  well  characterized  Rocky  Mountain  limestones  often  lyin? 
side  by  side  in  the  same  hand  specimen.  The  relative  proportions  of  the 
two  drifts  at  this  point,  100  miles  east  of  the  mountains,  measuring  alon^ 
the  valley  of  the  Bow,  are  nearly  equal.  In  descending  the  river  western 
drift  of  a  recognizable  character  gives  out  in  the  boulder-clay  before  Medi- 
cine Hat  is  reached,  and  in  ascending  it  the  eastern  drift  gradually  dimin- 
ishes in  relative  quantity  and  disappears  altogether  above  Calgary,  4<3 
miles  east  of  the  mountains,  or  about  50  miles  if  the  Bow  valley  be  fol- 
lowed. 

"  Twenty-five  miles  above  the  Blackfoot  crossing  a  boulder-clay  section 
110  feet  in  thickness  is  exposed.  The  boulder-clay  is  here  separated  into 
an  upper  and  lower  division  by  a  band  of  stratified  sands,  the  lower 
boulder-clay  being  darker  colored  than  the  upper  one  and  differing  from 
it  also  in  containing  a  larger  proportion  of  western  drift.  The  junction 
between  the  two  boulder-clays  is  not  straight,  but  follows  an  irregular 
wavy  line. 

*'At  Pine  canyon,  eight  miles  above  the  last  section,  the  Laramie  sand- 
stones are  overlain  by  the  Saskatchewan  gravels  10  feet  thick,  above 
which  is  a  peculiar  morainic-looking  deposit  40  feet  thick,  consisting  of 
angular  blocks  of  Laramie  sandstone  of  local  origin,  gneisses  and  lime- 
stones from  the  east  and  limestones  and  quartzites  from  the  west  ail 
mixed  confusedly  together  in  a  matrix  of  coarse  sand  and  clay. 

**  Four  miles  above  the  last  exposure  the  boulder-clay,  here  50  ftvt 
thick,  rests  directly  on  the  older  rocks.  The  ratio  of  eastern  to  western 
drift  in  this  exposure  was  estimated  at  about  1  or  2.  A  notable  feature 
of  the  section  is  the  presence  in  it  of  a  gneissic  boulder  of  eastern  origin 
measuring  fully  three  feet  in  diameter.  The  ordinary  size  of  the  eastern 
pebbles  in  the  boulder-clay  along  this  portion  of  the  river  seldom  exceoils 
three  inches  in  diameter. 

"  Two  miles  above  the  mouth  of  Highwood  river  the  Saskatchewan 
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gravels  appear  again.  They  consist  mostiy  of  rounded  quartzite  pebbles 
and  boulders,  ranging  in  size  from  one  to  twelve  inclies  in  diameter,  and 
have  a  thickness  of  eight  feet.  The  pebbles  increase  in  size  toward  the 
base  of  the  formation.  The  boulder-clay  above  the  gravel  holds  occa- 
sional gneissic  pebbles,  but  they  are  small  and  scarce. 

'*  Two  miles  above  the  last  exposure  the  pebble  bed  passes  into  dark 
clays  filled  with  stones  of  western  origin  only.  Above  this  is  170  feet  of 
boulder-clay,  alternating  in  places  with  sandy  layers.  A  mile  below  the 
mouth  of  Fish  creek  the  gravels  reappear,  but  are  replaced  a  mile  above 
Fish  creek  by  stratified  sands.  Two  miles  farther  on  the  sands  pass  into 
pravels  again,  and  these  continue  to  underlie  the  boulder-clay  as  far  as 
Calgary.  West  of  Highwood  river  the  western  gravels  underlying  the 
boulder-clay  consist  of  limestone  and  quartzite,  the  proportion  and  size 
of  the  former  increasing  as.  the  mountains  are  approached,  but  east  of 
Highwood  river  they  are  composed  almost  entirely  of  quartzite.  The 
gradual  diminution  in  size  of  the  limestone  pebbles  and  their  final  dis- 
appearance to  the  east,  while  the  quartzite  constituents  still  continue,  is 
no  doubt  due  to  their  inferior  hardness  and  consequent  inability  to  stand 
the  wear  attendant  on  a  lengthy  journey  under  the  conditions  in  which 
it  was  accomplished. 

^'  The  Saskatchewan  gravels  and  associated  sands  and  clays  in  the 
neighborhood  of  Fish  creek  are  everywhere  overlain  by  boulder-clays 
holding  scratched  limestone  and  quartzite  pebbles  and  boulders  from  the 
west,  and  at  rare  intervals  small  gneissic  pebbles  from  the  east." 

In  my  own  descent  of  Bow  river,  in  1881,  attention  was  chiefly  devoted 
U)  the  underlying  rocks,  but  to  the  above  description  by  Mr  McConnell 
it  may  be  added  that  the  existence  of  the  Saskatchewan  gravels,  though 
obscured  by  slides,  was  suspected  at  some  places  below  the  Blackfoot 
crossing.^  Above  the  crossing  these  gravels  appear  sometimes  at  the 
water-level  and  sometimes  at  heights  from  20  to  60  feet  above  it,  but  it 
ia  probable  that  if  carefully  looked  for  they  might  be  recognized  at  short 
intervals  all  the  way  down  to  Medicine  Hat. 

At  Calgary,  on  the  north  side  of  Bow  river  about  a  mile  below  the 
l>ridge,  a  very  instructive  and  clear  section  occurs.  This  had  been  exam- 
ined by  Mr  McConnell  in  1890,  and  was  in  1894  carefully  reexamined  by 
that  gentleman  and  myself.    It  shows  in  descending  order :  f 

Feet 

1.  Irregular  deposits  of  gravel  and  silty  soil 5 

1  v^tratified  silts,  with  some  lenticular  layers  of  boulder-clay ;  striated  stones 
and  small  boulders  in  both 35 

•  Report  of  Progress,  Geol.  Survey  of  Canada,  1882-'84,  pp.  141  C,  142  C. 
t  ElevatioQ  of  base  of  section,  3,390  feet. 
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FcM 

3.  Boulder-rlay,  with  some  stratified  ailty  layers  and  pebbles  arranged  in  linea 

of  stratification 2D 

t.  Gravels IS 

6.  Laramie  aaadstonee  and  slialea,  nearly  horizontal H 


The  following  details,  written  down  at  the  time,  further  explain  what 

is  seen  in  thin  interesting  section.     The  order  fol- 

'     lowedisthatof  deposition,  b^inning  with  the  base 

^     of  the  section :  The  aur&ce  of  the  Laramie  rocks 

where  composed  of   fairly  hard    sandstones   k 

A    smooth  and  waterworn  without  any  glacial  stritp. 

Resting  directly  upon  this  are  rather  incoherent 

B    gravels  with  a  considerable  admixture  of  clayer 

or  silty  matter.     All  the  stones  are  derived  from 

the  mountains,  and  most  of  them  are  quartzit«j 

(some  18  inches  through),  but  Rocky  Mountain 

limestone  is  also  abundant.     Nearly  all  are  veil 

rolled  and  rounded,  but  careful  search  shows  traces 

of  striation  on  some  of  the  limestone  pebbles. 

These  appear  to  have  been  produced  upon  the 

already  rounded  stones  and  to  have  been  largely 

obliterated  afterwards  by  further  wear.     There  L« 

A    little  or  no  trace  of  stratification  in  the  graveb. 

which  resemble  more  the  deposit  found  in  the  bars 

or  bed  of  some  river  than  anything  else. 

.     .  The  gravels  are  cut  off  above  sharply  on  a  nearlr 

of  Bow  Riper  Htat  Calgary.    Icvel  plane,  above  which  is  a  hard  yellowish  gray 

,4 -Laramie Tocks.  boulder-clay,  oftcu  Standing  vertical  in  the  f»/x 

r~b!^d«*t™kh'"i't''    and  breaking  out  in  prismatic  fragments.  Thiscon- 

laycn.  tains  many  well  striated  stones  and  small  bould- 

D  =  siratififd  «iiu  ™'""''''  ers,  and  shows  occasional  lines,  running  for  a  few 

bouider^iaj-.  feet  or  yards  horizontally  of  fine  pebbles  and  sand. 

E  =  aurfacf    Kraveia   and  q,.  ^f  gjjt,^  wtiich  is  slightly  lighter  in  colof  than  Uie 

rest.    The  vast  majority  of  the  stones  are  from  tiie 

mountains,  but  a  very  few  Laurentian  stones  are  included.    There  is  no 

marked  difference  between  the  earthy  material  of  the  gravels  and  that  of 

the  mass  of  the  bouLder-cIay,  except  that  the  latter  is  more  compacted, 

and  the  gravels  mightin  fact  well  be  r^;arded  as  a  species  of  boulder-clnv 

or  a  closely  allied  depoait.     The  houlder-clay  probably  varies  from  10 1^ 

20  feet  in  thickness  within  a  few  hundred  feet. 

The  upper  part  of  the  bouldet-clay  becomes  more  interstratified  with 
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silts  and  it  thus  passes  up  gradually  into  the  next  member  of  the  section, 
which  forms  nearly  the  entire  upper  part  of  the  bank.  The  silts  over- 
lying the  boulder-clay  are  yellowish  gray  in  color,  well  bedded  and  fre- 
quently show  minute  cross-bedding  between  the  more  prominent  hori- 
zontal planes.  They  vary  a  little  in  tint  and  fineness  and  sometimes 
include  layers  two  or  three  inches  thick,  of  brownish  color  and  leathery 
texture,  composed  of  almost  paper-like  leaves.  Glaciated  stones,  some- 
times large,  occur  here  and  there  throughout  the  silts,  and  they  also 
include  at  this  place  one  or  more  layers  of  a  few  feet  thick  which  are 
markedly  stony,  not  very  distinctly  stratified  and  differ  in  no  material  re- 
spect from  the  boulder-clay  except  that  they  are  somewhat  less  coherent. 
Laurentian  fragments  become  increasingly  frequent  toward  the  top  of 
the  silts,  but  are  never  abundant  at  this  place.* 

Above  the  bridge  and  about  a  mile  distant  another  bank  shows  these 
silty  deposits  resting  directly  on  the  lower  gravels  without  any  boulder- 
clay. 

It  is  here  quite  clear  that  the  boulder-clay  and  silts  represent  a  single 
deposit  which  took  place  under  varying  conditions  and  in  which  the 
boulder-clay  forms,  broadly  speaking,  lenticular  masses,  not  persistent 
and  not  characteristic  of  any  particular  horizon  or  coextensive  with  the 
region  of  deposit.  The  section  is  as  a  whole,  moreover,  that  of  a  series  of 
stratified  deposits,  in  which  evidences  of  tumultuous  deposit  and  obscure 
bedding  occur  only  in  the  case  of  the  boulder-clay  and  the  underlying 

gravels.t 

Beyond  Calgary,  Mr  McConnell  writes  as  follows  of  the  sections  along 
the  river : 

"  Four  miles  above  Calgary  the  glacial  deposits  consist  in  descending 
order  of  3  feet  of  gravel  and  soil,  8  feet  silt,  2  feet  boulder-clay,  If  feet 
silt  and  20  feet  of  gravelly  boulder-clay.  No  eastern  pebbles  are  found 
in  this  section,  nor  were  any  found  in  the  valley  of  the  Bow  west  of  Cal- 
gary, notwithstanding  the  fact  that  three  miles  to  the  northwest  boulders 
of  Ijaurentian  origin  occur  on  the  summit  of  the  Nose  hills  at  an  eleva- 
tion of  550  feet  above  the  river  at  this  point  (3,934  feet  above  sealevel).t 

*The  boalder-clay  Id  this  gection  is  eridently  either  the  "lower"  or  "upper"  boulder-clay  of 
the  plains.  Boulder-clay  holdinx  eastern  stones  is  here  recognised  for  the  last  time  in  approach- 
ing the  moantains  by  the  Bow  valley. 

t  It  may  here  be  noted  that  a  section  identical  in  character  with  that  at  Calgary  has  since  been 
''xaniined  at  Edmonton,  on  the  Saslcatchewan,  abont  *^00  miles  north,  nearly  in  the  same  longitude 
aod  at  an  elevation  of  about  2,200  feet.  The  Saskatchewan  gravels,  sparingly  developed,  are  here 
f-overed  by  So  feet  or  more  of  alternating  boulder-clay  and  well  stratified  silts.  The  boulder-clay 
occurs  Id  layers  of  two,  three  or  more  feet  in  thickness.  Most  of  the  stones  are  included  in  it,  and 
th«re  are  Laurentian  and  western  In  proportions  respectively  of  about  I  to  2. 

I  Faintly  impressed  terraces,  like  those  of  the  Porcupines,  occur  at  several  levels  upon  the 
extern  slope  of  this  plateau,  the  best  marked  at  a  height  of  about  3,000  feet. 

VIII— Bull.  Gsol.  Soc.  Am.,  Vol.  7,  1896. 
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"  Eight  miles  above  Calgary  a  section  showitifi^  the  following  sequence 
was  examined : 

Feet 

1.  Soil  and  silta 15 

2.  aay  with  layers  of  silt 10 

3.  Gravelly  sands 5 

4.  Stratified  sands 4 

5.  Gravelly  boulder-clay 6 

6.  Yellowish  sands 40 

80 

**  The  clay  (number  2)  underlying  the  upper  silts  is  peculiar  and  was 
not  observed  farther  east.  It  is  destitute  of  stratification,  light  blue  in 
color  on  a  fresh  surface,  very  compact  and  highly  calcareous.  It  prob- 
ably represents  the  fine  material  produced  by  glacier  erosion,  sorted  from 
the  coarse  products,  and  carried  eastward  by  glacial  streams  until  the 
lessening  current  or  a  lake  basin  allowed  its  deposition.  The  silts  over- 
lying it  have  the  characters  of  a  lake  deposit. 

"  Four  miles  below  Cochrane  (30  miles  from  the  mountains)  a  section 
shows  the  same  glacial  clay  referred  to  above,  resting  on  boulder-clay  and 
overlain  by  silts.  The  boulder-clay  along  this  part  of  the  river  ranges  in 
thickness  from  20  to  40  feet  and  consists  of  a  light  drab  colored  sandy 
clay  filled  with  striated  and  rounded  pebbles  and  boulders  of  limestone 
and  quartzite.  It  is  separated  in  places  from  the  overlying  fine  clay  by 
sandy  and  gravelly  beds,  but  in  others  merges  gradually  into  it.  The 
fine  clay,  like  the  boulder-clay,  is  variable  in  thickness,  ranging  from  15 
to  50  feet.  It  holds  a  few  scattered  pebbles,  which  are  often  glaciate*!, 
and  are  occasionally  found  in  an  upright  position  and  at  various  angles 
to  the  plane  of  the  deposit — ^a  fact  probably  due  to  their  having  been 
dropped  from  floating  ice.  The  silts  have  a  thickness  here  of  about  100 
feet.  They  exhibit  curved  cross-bedding,  resembling  the  kind  known  iis 
flow-and-plunge  structure,  except  that  the  curved  layers  are  short,  seldom 
exceeding  six  inches  in  length,  and  the  surfaces  are  concave  upwanl. 
Pebbles,  some  of  which  are  striated,  occur  throughout  the  section  and 
lumps  of  clay  are  found  at  intervals. 

**  Opposite  Cochrane  the  boulder-clay  has  a  thickness  of  125  feet.  At 
the  mouth  of  the  Jumping  Pound,  three  miles  farther  up,  it  is  much 
thinner,  and  is  overlain  by  flood-plain  gravels.  Half  a  mile  below  Ghost 
river  the  boulder-clay  is  overlain  by  40  feet  of  coarse  sands  and  gravels, 
above  which  is  20  feet  of  river  wash. 

**  From  this  point  to  the  mountains,  a  distance  of  about  20  miles,  the 
boulder-clay  has  been  washed  away  in  most  places  and  the  older  rocks 
are  covered  directly  with  river  gravels.  Small  sections,  however,  occur 
at  Morley,  15  miles  east  of  the  mountains,  near  the  mouth  of  a  creek 
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below  old  Bow  fort,  and  possibly  also  at  other  places.    The  river  here  is 
unnavigable  and  was  not  closely  examined. 

*^  Bow  river,  in  its  passage  through  the  foothills  and  for  some  distance 
beyond,  is  bounded  by  wide  terraces  floored  with  river  gravels,  which  rise 
in  an  irregular  manner  to  a  height  of  about  260  feet  above  it.  Traces 
of  terraces  exist  at  higher  elevations,  but  the  lines  are  not  continuous. 
The  accompanying  illustration  shows  the  outline  of  the  valley  a  mile  west 
of  Morley. 


{ 
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-*■        '  ■- 

Figure  5. — Section  across  Bow  ValUy  at  Morley. 

Showing  the  principal  terrace,  through  which  morainic  ridges  project  and  in  which  the 
present  river-valley  has  been  excavated  since  the  Glacial  period.  At  (x)  a  stone  hammer  was 
found  in  an  excavation  in  the  gravels,  and  it  is  believed  to  be  contemporaneous  with  the  forma- 
tion of  the  small  river-terrace  indicated. 

'^  From  Cochrane  west  to  the  mountains  a  number  of  mounds  and 
ridges,  evidently  of  morainic  origin,  project  through  the  terraces  and  are 
scattered  along  the  slopes  of  the  valley  to  a  height  of  about  300  feet. 
Tlie  ridges  are  usually  several  hundred  yards  in  length,  60  feet  or  more 
in  height,  and  as  a  rule  are  either  parallel  or  inclined  at  a  small  angle  to 
the  course  of  the  valley.  At  Morley  station  such  ridges  and  hills  occupy 
a  continuous  area  of  fully  a  square  mile.* 

"  The  drift  ridges  are  usually  covered  with  vegetation  and  natural  sec- 
tions through  them  are  scarce.  The  best  sections  examined  were  found 
in  some  railway  cuttings  half  a  mile  west  of  Morley.  The  exposures  here 
consist  of  hard  boulder-clay  of  a  light  drab  color,  filled  with  pebbles  and 
boulders  of  limestone  and  quartzite.  The  pebbles  seldom  exceed  three 
inches  in  diameter,  and  while  some  of  them  are  rounded  and  water-worn 
a  large  proportion  are  polished  and  striated.  In  composition  the  drift 
ridges  su^^gest  drumlins  rather  than  ordinary  moraines,  but  from  their 
position  there  seems  to  be  little  doubt  that  they  were  deposited  at  the 
extremity  and  along  the  side  of  the  Bow  River  glacier.  Glacial  groov- 
ings,  evidently  referable  to  the  Bow  Valley  glacier,  were  found  on  the 
Hlopes  of  Bow  valley  south  of  Morley  at  a  height  of  560  feet  above  the 
river  or  about  260  feet  above  the  morainic  ridges  just  described." 

Reverting  to  the  section  across  the  Bow  valley  above  given  by  Mr 

•  Cf.  Report  of  Progress,  Geol.  Survey  of  Canada,  1882-*84,  p.  146  C. 
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McConnell,*  it  may  be  added  that  the  same  principal  wide  terrace  there 
shown  by  him  enveloping  the  morainic  ridges  was  particularly  observed 
by  me  in  1881  at  a  point  about  six  miles  farther  up  the  valley,  with  an 
elevation  of  about  4,200  feet.     In  my  note-book  it  is  thus  described : 

**  This  (bench)  la  several  miles  wide  and  occurs  on  both  sides  of  the  river.  It  l^ 
sandy,  ji^velly  or  stony  on  the  surface  and  is  not  a  river-terrace,  but  must  have 
been  formed  when  water  stood  against  the  mountains  at  its  level,  the  river  from 
the  pass  no  doubt  bringing  down  the  material.  Its  level  at  Morley  is  about  4,030 
feet,  giving  a  slope  upward  toward  the  west  of  nearly  30  feet  to  the  mile.'' 

Reviewing  the  sections  afforded  by  Bow  river,  the  principal  facts  shown 
by  them  are  summarized  as  follows  by  Mr  McConnell : 

**  From  the  mountains  east  to  Calgary  the  glacial  deposits  are  entirely 
of  western  or  local  origin  and  consist  of  boulder-clays  passing  occasion- 
ally into  gravels  and  overlain  in  places  by  fine  glacial  clays  and  silts. 

"  East  of  Calgary  the  rolled  gravels  and  associated  clays  and  sands 
which  underlie  the  boulder-clay  are  also  of  western  origin,  and  probably 
represent,  for  some  distance  at  least,  the  wash  of  streams  flowing  eastr 
ward  from  the  Bow  River  glacier. 

"  From  Calgary  to  a  point  between  Blackfoot  crossing  and  Medicine 
Hat  the  boulder-clay  contains  western,  local  and  eastern  material  the 
former  greatly  predominating  at  first,  but  gradually  diminishing  in  rela- 
tive quantity  toward  the  east  until  it  is  entirely  replaced  by  the  latter. 
so  far  at  least  as  it  is  capable  of  recognition. 

'*  The  third  zone  extends  from  a  point  above  Medicine  Hat  eastward, 
and  in  it  the  boulder-clay,  so  far  as  known,  is  entirely  of  eastern  or  of 
local  origin. 

"  The  boulder-clays  of  the  middle  and  eastern  zones  graduat-e  into  each 
other,  but  the  relations  between  the  middle  and  western  zones  are  less 
clearly  defined.  At  Calgary,  the  most  westerly  point  at  which  mixed 
boulder-clay  was  found,  it  is  underlain  by  a  gravelly  clay  bed  of  western 
origin  similar  to  certain  phases  of  the  western  boulder-clay  and  undoubt- 
edly a  continuation  of  it,  modified  to  some  extent  by  water.  The  inferior 
position  of  this  bed  shows  that  part  at  least  of  the  western  drift  wa? 
deposited  before  the  advent  of  any  material  from  the  east ;  but  whether 
the  whole  of  it  was  laid  down  prior  to  the  eastern  invasion  or  not  I  was 
unable  to  ascertain.'^ 

Summary  and  Discussion. 

In  concluding  this  paper,  which,  because  of  a  wish  to  present  observetl 
facts  rather  than  any  theoretical  deductions,  has  attained  considerable 
length,  a  few  words  may  be  added  on  the  more  obvious  conclusions  to 

.III  III!  .1-1  ■  .-l-l  .,1.1- 

*  Cf. ;  also  op.  cit.,  p.  146  C. 
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be  derived  from  these  facts  and  their  interrelation.  These  conclusions 
are  practically  such  as  may  directly  be  drawn  from  the  region  itself,  not 
complicated  by  attempted  correlation  with  distant  fields,  nor  will  I 
venture  at  the  present  time  even  to  compare  them  with  a  scheme  of 
glacial  events  in  the  west  which  has  already  been  tentatively  advanced 
by  me. 

As  implied  in  Mr  McConnell's  summary  of  the  Bow  River  section,  just 
given,  it  may,  I  believe,  now  be  stated  with  certainty  that  the  earliest 
sign  of  glacial  conditions  met  with  in  southwestern  Alberta  is  found  in 
the  evidence  of  the  extension  of  glaciers  from  the  Rocky  mountains  to 
a  certain  distance  beyond  the  base  of  that  range.  These  may  have  reached 
nearly  to  Calgary,  in  Bow  valley,  which  has  the  largest  drainage  basin  in 
the  mountains,  but  were  much  less  considerable  farther  south.  A  boulder- 
clay  was  at  this  early  time  laid  down  in  connection  with  these  glaciers, 
probably  in  part  as  a  subglacial  deposit,  in  part  along  their  retreating 
fronts  as  a  fluvio-glacial  deposit.  The  latter  as  it  is  followed  eastw^ard 
gradually  changes  into  the  typical  Saskatchewan  gravels,  in  places  asso- 
ciated with  silty  or  sandy  beds.  All  the  drift  material  of  this  stage  is 
either  local  or  derived  from  the  Rocky  mountain  side,  and  it  is  probable 
that  the  boulder-clay  of  this  time  is  actually  connected  with  the  mass 
of  the  moraine  ridges  and  hills  of  Bow  valley  and  those  found  fringing 
the  mountains  in  places  farther  to  the  south. 

Above  the  Saskatchewan  gravels  rests  the  lower  boulder-clay  of  my 
original  report,  containing  mixed  drift  from  the  Laurentian  plateau  and 
Winnipeg  basin  to  the  eastward  and  the  Rocky  mountains  on  the  west. 
Beyond  the  change  of  conditions  implied  by  the  differing  deposits,  no 
evidence  has  been  found  to  show  that  any  long  time-interval  occurred 
between  the  stage  of  the  Saskatchewan  gravels  and  that  of  the  lower 
boulder-clay ;  nor  can  it  be  determined  to  what  extent  mountain  drift 
continued  to  be  supplied  from  the  west  during  the  deposition  of  this 
l)0ulder-clay,a8  the  preexisting  Saskatchewan  gravels  have  evidently  be- 
come incorporated  with  it  in  places  to  an  unknown  degree. 

Above  this  boulder-clay,  and  evidencing  altogether  different  conditions 
over  a  tract  at  least  50  miles  in  extent  from  east  to  west  where  cut  across 
by  the  Belly  river,  are  well  stratified  interglacial  deposits,  including 
locally  a  thin  bed  of  lignite. 

Succeeding  the  interglacial  deposits  is  the  upper  boulder-clay,  which, 
like  the  lower,  contains  mingled  drift  of  eastern  and  western  origin. 
Above  this  and  forming  the  surface  of  the  plains  are.  stratified  loamy, 
silty,  sandy  and  gravelly  deposits,  which  appear  to  have  been  laid  down 
in  water  and  in  and  on  which  are  scattered  many  of  the  larger  erratics 
met  with  in  the  district. 
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As  already  mentioned,  it  is  not  certainly  known  how  far  the  lower  and 
upper  boulder-clays  of  the  plains  or  either  of  them  extend  to  the  west 
Both  are  found  at  Lethbridge,  60  miles  from  the  mountains,  and,  if  the 
line  observed  in  sections  on  Highwood  river  corresponds  with  this  divis- 
ion, both  are  there  present  to  within  about  15  miles  of  the  base  of  the 
mountains  and  at  an  actual  elevation  of  3,700  feet.  One  or  the  other  of 
these  boulder-clays,  however,  extends  westward  along  the  Oldman  river 
beyond  the  longitude  of  the  Porcupine  hills,  and  at  least  as  far  west  &s 
Calgary,  on  Bow  river,  and  there  is  some  reason  to  believe  that  it  is  the 
upper  boulder-clay  which  is  thus  most  widely  spread. 

Respecting  the  conditions  indicated  by  the  various  deposits,  the  follow- 
ing remarks  may  in  the  first  place  be  made : 

The  Saskatchewan  gravels,  in  their  composition  and  because  of  the 
great  distance  to  which  they  have  been  carried  from  the  mountains,  im- 
ply the  existence  at  the  time  of  their  formation  of  a  considerable  east- 
ward slope  of  the  plains,  probably  greater  than  that  by  which  the  same 
region  of  the  plains  is  affected  today.  The  existence  of  ailty  depo{»itd 
and  sands  in  association  with  them,  however,  shows  that  areas  of  slack 
water  or  lacustrine  conditions  must  in  some  places  have  occurred. 

The  interglacial  deposits  give  reason  to  believe  that  at  the  time  of  their 
deposition,  as  elsewhere  explained,*  at  least  a  considerable  tract  of  the 
western  plains  had  become  practically  horizontal. 

It  remains  uncertain  to  what  particular  period  subsequent  to  that  of 
the  Saskatchewan  gravels,  and  excluding  that  of  the  interglacial  deposits, 
the  traveled  gravels  and  boulders  marking  the  highest  levels  of  the  drift 
deposits  on  the  Porcupines  and  foothills  are  referable;  but  it  is  certain  that 
this  time  was  one  of  great  relative  change  of  level,  taking  the  form  of  a 
depression  toward  the  west  or  southwest.  This  is  rendered  evident  in  a 
broad  way  by  the  occurrence  of  Laurentian  stones  to  a  height  of  5,o*J" 
feet,  or  about  three  times  that  of  the  present  summit  level  of  the  Lauren- 
tian plateau  from  which  they  came.  It  is  reinforced  by  the  association 
of  these  with  limestones  of  the  still  lower  Winnipeg  basin. 

Pursuing  this  argument  a  little  further  into  detail,  we  may  compare 
some  of  the  levels  at  which  the  highest  drift  is  found  in  several  places  in 
the  west.  In  the  Porcupine  hills  this  level  is  undoubtedly  that  of  a  water- 
line,  and  I  believe  it  to  be  so  also  in  other  places  in  which  it  has  been 
noted .f  On  this  assumption  a  relative  depression  to  the  west  at  this 
time  of  900  feet  is  indicated  between  the  Cypress  hills  and  the  Porcu- 

•  Report  of  Progress,  Geol.  Survey  of  Canada,  1882-'84,  p.  161  C. 

t  Terraces  noted  by  Mr  G.  E.  Culver  near  Saint  Marys  lakes,  in  northern  Montana,  may  repre- 
sent those  here  described,  althoagh  no  eastern  drift  appears  to  have  been  found  upon  them.  Mr 
Culver's  description  appears  to  show  that  the  levels  are  about  the  same.  Trans.  Wisconsin  Ac*i 
Sci.,  vol.  viii,  p.  202. 
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})ines,  or  a  slope  of  about  4i  feet  to  the  mile.  But  if  it  be  assumed  that 
this  level  marks  that  of  the  surface  of  a  mer  de  glace,  an  extension  of  the 
I^urentide  glacier  (as  has  been  done  by  Mr  Upham),  a  similar  westward 
depression  must  likewise  be  admitted.  In  so  far  as  such  a  surface  might 
have  departed  from  horizontality,  it  must  have  done  so  by  sloping  down 
toward  its  termination  in  the  west.  Ice  standing  at  a  level  of  4,400  feet 
at  the  Cypress  hills  could  under  no  conceivable  conditions  have  been 
pushed  up  to  a  height  of  5,300  feet  at  the  Porcupines,  200  miles  further 
in  the  general  direction  of  its  flow.*  Thus,  under  this  hypothesis,  we 
would  require  to  add  the  amount  of  slope  of  the  surface  to  that  neces- 
sary under  the  first  mentioned  assumption.f 

As  to  the  period  to  which  this 'great  western  depression  may  be  as- 
signed, it  is  pretty  clear  that  it  must  accord  with  one  or  the  other  of  the 
glacial  formations  not  already  accounted  for.  In  other  words,  it  must 
have  been  synchronous  with  the  lower  or  upper  boulder-clays  or  with 
the  silty  deposits  subordinate  to  them.  I  have  elsewhere  given  reasons 
for  the  belief  that  both  these  boulder-clays  of  the  western  plains  are 
attributable  to  the  agency  of  floating  ice,J  but  this  hypothesis  need  not 
here  be  specially  insisted  on.  Important  bedded  silty  deposits  are  found 
to  blend  with  the  upper  part  of  the  upper  boulder-clay,  and  the  fact  that 
large  erratics  are  most  abundant  on  the  plains  at  the  top  of  or  overlying 
the  upper  boulder-clay,  with  the  similarity  of  these  to  those  found  on 
and  about  the  Porcupine  hills  and  foothills  farthest  in  toward  the  moun- 
tains, leads  me  to  suggest  that  this  period  of  greatest  depression  corre- 
sponded with  that  of  the  upper  boulder-clay  or  immediately  followed  it. 

A  closer  comparison  of  the  highest  levels  of  erratics  in  different  parts 
of  the  field  shows  that  the  area  of  greatest  depression,  and  that  of  greatest 
subsequent  uplift,  touches  the  southern  part  of  the  Porcupines  and  ex- 
tends thence  in  an  east-southeasterly  direction,  and  that  to  this  direction 
a  series  of  "  isobasic  "  lines  of  decreasing  amount  must  have  been  roughly 
]>arallel  for  some  distance  to  the  northeastward.  The  changes  in  eleva- 
tion seem,  however,  to  have  been  accompanied  by  deformation  of  some 
importance,  for  the  highest  level  of  drift  upon  West  butte  is  found  to  be 
considerably  below  what  it  should  be  had  the  difference  in  level  been  dis- 
tributed uniformly  in  proportion  to  distance  between  the  foothills  and 
the  Cypress  hills,  although  all  three  of  the  localities  are  approximately 
in  an  east-and-west  line.    The  facts  are  as  vet  too  few  to  enable  these 

*The  muzimum  depth  of  ice  or  water  covering  the  adjacent  low  country  must  have  been  about 
2,'VO  feet  near  the  Cypress  hills  and  2,100  feet  near  the  Porcupines. 

t  Asirollar  relative  change  of  level  would,  of  course,  be  equally  implied  on  the  supposition  of  a 
treat  western  glacier-dammed  lake. 

I  On  the  Physiographical  Geology  of  the  Rocky  Mountain  Region  in  Canada.  Trans.  Roy.  Soc. 
C«n ,  ToK  viii,  sec.  4,  p.  63  et  seq. 
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local  differences  to  be  worked  out  in  detail,  but  others  already  recorded 
have  a  similar  meaning. 

When  the  highest  terraces  and  shingle  beds  were  formed  upon  the 
Porcupines  there  is  further  evidence  to  show  that  in  the  body  of  water  of 
which  these  formed  the  shores  a  pretty  definite  current  must  have  existed. 
Some  distance  to  the  eastward,  this  probably  flowed  southward  or  south- 
westward,  but  where  it  reached  the  Rocky  Springs  plateau  the  appear- 
ances indicate  that  it  was  moving  nearly  parallel  to  the  border  of  the 
glaciated  region  in  Montana,*  west  or  to  the  north  of  west ;  thence  it  im- 
pinged upon  the  base  of  the  Rocky  mountains  and  was  deflected  to  a 
northeasterly  direction,  a  circumstance  shown  by  the  occurrence,  else- 
where referred  to,  of  pebbles  of  the  locally  developed  greenstone  of  the 
mountains  in  some  abundance  on  the  higher  parts  of  the  Porcupine  hills. 
Such  a  current  may  reasonably  be  accounted  for  by  the  prevailing  direc- 
tion of  the  winds  at  the  time  and  season  of  the  driftage  of  the  ice. 

In  the  case  of  these  high-level  drifts  of  the  Porcupines  the  deposit  of 
eastern  and  western  material  must  have  been  contemporaneous.  Both 
find  their  upper  level  at  the  same  plane,  and  there  are  no  antecedent 
deposits  at  such  a  height  from  which  either  can  have  been  derived.  At 
this  time,  moreover,  some  deposit  must  have  been  in  course  of  formation 
beneath  the  surrounding  deeper  waters  across  which  the  debris-bearing 
ice  floated,  and,  because  of  the  melting  of  the  ice  and  other  accidents, 
this  could  not  have  been  otherwise  than  a  notably  stony  one.  As  already 
stated,  this  is  believed  to  be  represented  by  the  upper  boulder-clay,  the 
silts  overlying  it,  or  in  part  by  both. 

The  terracing  of  the  Porcupines  is  not  so  pronounced  as  to  require  the 
long  presence  of  the  water-margin  at  any  of  the  higher  levels,  but  the 
well  rounded  character  of  most  of  the  stones,  particularly  those  from  the 
mountains,  is  such  as  to  imply  prolonged  attrition.  The  same  character 
is  notable  in  the  vast  majority  of  the  stones  included  in  the  boulder- 
clays.  It  seems,  in  fact,  probable  that  during  the  winter  months  at  this 
period  a  massive  ice-foot  formed  along  the  abrupt  base  of  the  mountains, 
upon  which,  in  the  spring,  gravels  from  flooded  streams  were  often  dis- 
charged, while  large  angular  limestone  blocks  from  cliff-falls  also  lodged 
upon  it  in  some  localities.  When  in  summer  this  ice  broke  away  it 
would  carry  with  it  the  load  thus  acquired. 

That  the  glaciers  which  at  the  period  of  the  Saskatchewan  gravels  pro- 
truded from  the  mountains  must  at  this  time  have  shrunk  back  within 
the  range,  in  the  southern  part  of  the  district  at  least,  is  shown  by  the 
stranding  of  Laurentian  boulders  upon  the  old  moraines  of  these  glaciere 
close  up  to  the  foot  of  the  mountains.    It  is  possible  that  the  Bow  Valley 

•  Report  of  Progress,  Oeol.  Survey  of  Canada,  1882^'8i,  p.  148  C. 
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glacier  may  still  have  continued  to  hold  some  importance  in  the  foot- 
hill region,  but  the  abundant  supply  of  well  rounded  gravels,  with  other 
circumstances,  renders  it  probable  that  the  Rocky  Mountain  glaciers 
generally  had  become  strictly  local  and  relatively  insignificant. 

If  it  may  thus  be  assumed  that  the  higher  terraces  and  traveled  gravels 
of  the  Porcupines  are  approximately  contemporaneous  with  the  upper 
boulder-clay,  all  the  lower  and  later  terraces  and  gravel  plains  may  be 
regarded  as  marking  stages  in  the  subsidence  of  this  water-level  from  its 
maximum  height  of  5,300  feet  These,  it  has  already  been  noted,  are 
usually  not  strongly  impressed,  and  there  is  no  evidence  that  the  subsi- 
dence was  arrested  long,  except  at  one  stage,  which  is  that  spoken  of  in 
the  report  of  1882-'84  as  being  at  about  4,200  feet.  Further  examina- 
tion appears  to  show  that  the  terraces  referable  to  this  particular  stage 
slope  up  gradually  in  the  foothills  and  on  approaching  the  mountains 
to  a  maximum  height  of  about  4,500  feet,  from  which  it  may  be  argued 
that  from  the  last  mentioned  height  the  water  lowered  its  level  gradually 
to  one  of  about  4,200  feet,  while  new  material  was  constantly  being 
washed  down  by  rivers  from  the  mountains.  A  later  and  still  lower, 
though  less  important,  period  of  arrest  seems  to  be  marked  by  the  gravel 
plain  near  Macleod  at  about  3,200  feet. 

The  first  mentioned  line  of  relative  stability  appears  to  be  equally  well 
marked  in  the  southern  portion  of  the  r^ion,  about  Waterton  lake  and 
the  Oldman  river,  and  in  the  northern,  in  the  Bow  valley,  leading  to  the 
•suggestion  that  the  irregular  uplift  of  the  earlier  stages  of  recovery  had 
heen  succeeded  along  the  base  of  the  mountains  by  one  in  which  further 
change  of  level  occurred  throughout  uniformly,  as  compared  with  the 
actual  heights  of  the  surface  found  in  the  same  region  today,  or  with 
isobases  changed  in  direction  and  parallel  to  the  trend  of  the  mountains. 
This  later  uplift  may  have  continued,  with  the  stranding  of  large  boulders 
near  the  water-line  from  time  to  time,  until  this  part  of  the  plains  reached 
its  present  condition  and  slope. 

There  is,  however,  some  good  evidence  to  show  that  in  postglacial  times 
a  renewed  or  continued  southern  uplift  took  place.  This  is  derived  from 
the  changes  in  the  course  of  streams  and  slopes  of  their  valleys,  but  can- 
not be  entered  into  in  this  paper.* 

In  this  connection  I  may  digress  so  far  as  to  mention  that  there  is  a 
somewhat  notable  correspondence  between  the  higher  levels  of  terraces 
on  both  sides  of  the  Rocky  mountains  and  continental  watershed.  It  is 
found  in  the  southern  part  of  the  interior  plateau  of  British  Columbia 

*  Report  of  Progress,  Oeol.  Survey  of  Cannda,  1882-*84,  p.  160  G ;  Annual  Report,  Geol.  Survey  of 
Cananda,  toI.  i  (n.  s.),  p.  76  C;  Physlographical  Oeology  of  the  Rocky  Mountain  region  in  Canada, 
Trans.  Royal  Boc.  GaniMla,Tol.  riii,  seo.  i,  p.  63. 
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that  the  highest  terraces  occur  at  elevations  of  from  5,500  to  5,300  feet; 
that  below  this  there  is  a  remarkable. paucity  of  terraces  down  to  about 
4,450  feet,  between  which  and  a  height  of  4,300  feet  another  well  markeil 
group  of  old  water-lines  appears.  These  facts  are  fully  described  in  my 
forthcoming  report  on  the  Kamloops  map-sheet.  The  circumstance 
may  not  be  more  than  a  coincidence,  but  it  is  certainly  a  striking  one 
and  one  worthy  of  further  investigation. 

As  it  has  already  been  stated  that  no  certain  evidence  has  been  found 
such  as  to  show  that  the  lower  boulder-clay  may  not  be  that  extending 
farthest  west  and  in  toward  the  base  of  the  mountains,  it  may  be  ap- 
propriate now  to  mention  the  hypotheses  which  present  themselves  on 
that  assumption.  If  the  lower  boulder-clay  holds  this  position  and  was 
deposited  contemporaneously  with  the  high-level  erratics  and  gravels, 
the  upper  boulder-clay  may  very  well  have  been  laid  down  in  the  body 
of  water  standing  later  at  the  inferior  levels  of  from  4,500  to  4,200  feet 
and  indicated  by  the  well  marked  terraces  and  gravel  plains  already 
alluded  to.  This  hypothesis,  of  course,  assumes  that  a  boulder-clay 
may  be  deposited  from  floating  ice,  and  to  me  it  appears  probable  tiiat  a 
material  of  this  nature  may  have  been  formed  in  any  one  of  three  ways, 
namely,  beneath  a  glacier,  about  the  edge  of  a  glacier  as  a  fluvio-glaeial 
deposit,  or  below  a  body  of  water  charged  with  floating  ice. 

According  to  still  another  possible  hypothesis,  it  may  be  supposed  that 
while  the  lower  boulder-clay  is  that  stretching  farthest  west  and  spread- 
ing around  the  base  of  the  Porcupine  hills,  the  high  terraces  may  be  due 
to  a  subsequent  flooding  about  the  time  of  the  upper  boulder-clay.  This, 
however,  does  not  appear  to  accord  well  with  the  facts,  for  in  this  case 
there  is  no  recognizable  deposit  in  the  lower  parts  of  the  flooded  district 
near  the  Porcupine  hills  to  represent  this  period  of  submergence. 

Respecting  the  actual  western  limit  of  eastern  erratics,  the  investiga- 
tion here  reported  upon  seems  to  show  that  the  line  marked  up)on  the 
map  accompanying  the  report  of  1882-'84  nearly  corresponds  with  ob- 
served drift  of  this  origin  in  the  boulder-clays  proper,  slightly  exceeding 
this  to  the  south  of  the  Porcupines  and  falling  a  little  short  of  it  to  the 
north,  but  that  scattered  erratics  occur  in  places  considerably  farther  to 
the  west.  These  are  found  upon  the  higher  ridges  and  hills,  and  if 
present  equally  in  the  valleys  have  there  been  concealed  by  a  later  wash 
from  the  mountains.  Behind  the  Porcupines,  the  occurrence  of  such 
erratics  is  in  inverse  proportion  to  the  amount  of  shelter  aflbrded  on  the 
east  by  the  higher  parts  of  these  hills — a  fact  equally  explicable  under 
any  hjrpothesis  of  their  deposition ;  but  the  occurrence  of  such  sporadic 
erratics  renders  it  difficult  to  draw  any  precise  western  line,  and  it  is 
possible  that  renewed  investigation  of  the  higher  foothills  may  in  some 
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j)lace9  result  in  their  occasional  discovery  even  farther  to  the  west  than 
they  have  yet  been  observed. 

Another  fact  of  importance,  and  one  which  impressed  itself  on  the 
writer  in  the  course  of  the  recent  examination,  is  the  following :  Except 
in  the  case  of  the  moraines  evidently  referable  to  glaciers  of  the  Rocky 
mountains,  which  we  have  found  reason  to  assign  to  a  very  early  period 
and  which  save  in  the  case  of  Bow  valley  are  closely  confined  to  the  base 
of  the  mountains,  the  more  obvious  evidences  of  the  work  of  glaciers  are 
conspicuously  absent  in  this  entire  region  of  the  foothills  and  Porcupine 
hills.  The  highest  and  farthest  limits  of  the  drift  are  not  marked  by 
moraines,  and  moraines,  drumlins,  kames,  and  eskers  are,  with  the  above 
exceptions,  entirely  wanting.  This  is  very  striking  when  comparison  is 
made  between  this  region  and  that  of  British  Columbia  or  the  Laurentian 
plateau,  both  of  which  are  known  to  have  been  overridden  by  vast 
glaciers. 

Within  the  past  year  Professor  T.  C.  Chamberlin  has  formulated  and 
named  a  series  of  stages  in  the  glacial  history  of  North  America,  and 
although  the  author  of  the  classification  would  probably  be  the  first  to 
admit  its  provisional  character,  it  has  undoubtedly  already  been  of  con- 
siderable service  in  suggesting  a  basis  of  arrangement  and  in  fixing  the 
direction  of  future  work.  Thus  it  will  be  appropriate  briefly  to  note 
here  in  conclusion  what  appear  to  the  writer  to  be  the  probable  relations 
of  the  glacial  deposits  of  Alberta  to  this  general  classification. 

The  "  lower  "  boulder-clay  may,  it  is  believed,  be  regarded  as  repre- 
senting the  Kansan  formation,  while  the  interglacial  deposits,  best  de- 
veloped along  the  Belly  river,  are  supposed  to  be  contemporaneous  with 
the  {)08trKansan  interval.  The  "  upper "  boulder-clay  of  the  western 
plains  may  then  be  identified  with  the  lowan  formation  and  like  it  is 
associated  with  abundant  silty  beds.  The  Wisconsin  formation  is  in  all 
probability  not  met  with  in  the  extreme  west,  but  its  limit  in  this  direc- 
tion may  be  marked  by  the  Missouri  C6teau,  which  in  Canadian  territory 
extends  from  the  forty-ninth  parallel  to  the  North  Saskatchewan  and  in- 
definitely beyond  in  the  farther  north.  The  post-Iowan  interval,  in  this 
<*a3e,  appears  here,  as  in  the  region  farther  east,  to  be  marked  by  the 
erosion  of  important  interglacial  valleys,  which  find  their  limit  at  the 
C<^teau  and  its  systems  of  drift  ridges  and  hills.*  No  deposits  like  the 
Coteau  occur  in  connection  with  the  western  terminations  of  the  "  lower  " 
or  **  upper  "  boulder-clays. 

Reverting  now,  on  the  basis  of  the  above  correlation,  to  the  Saskatche- 
wan gravels  and  the  **  western  "  boulder-clay,  it  will  be  apparent  that 
these  must  represent  an  antecedent  and  unnamed  stage  of  glaciation  in 

*  Geology  and  Resources  of  the  Forty-ninth  Parallel,  p.  230. 
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North  America.  This,  with  scarcely  any  doubt,  may,  from  the  observa- 
tions given  in  this  paper,  be  regarded  as  that  of  the  maximum  of  the 
Cordilleran  glacier,  and  to  it  I  would  propose  to  apply  the  name  of  the 
Albertan  stage  or  formation. 

The  Saskatchewan  gravels  may  very  possibly  represent  the  Lafayette 
formation  of  the  eastern  states.  This  correlation  has  been  suggested  by 
Mr  Upham,  but  it  is  prudent  as  yet  to  hold  it  subject  to  correction,  for 
there  appears  to  be  some  danger  of  referring  to  a  single  formation  various 
remote  gravelly  deposits  found  below  boulder-clays.  It  is,  however, 
maintained  by  Professor  C.  H.  Hitchcock  that  the  Lafayette  represents 
the  earliest  epoch  of  glaciation  in  eastern  America,  which  in  itself  ap- 
pears to  give  at  least  some  force,  with  our  present  information,  to  the 
hypothesis  that  we  find  the  greatest  development  of  glacial  agencies  at 
this  same  time  in  the  maximum  spread  of  the  Cordilleran  ice-sheet, 
while  only  at  a  later  date  did  the  center  of  ice  distribution  migrate  to 
the  Laurentian  plateau.  Such  a  migration  must  have  been  in  intimate 
connection  with  the  vast  relative  changes  of  level,  of  which  some  striking 
evidence  is  found  in  the  particular  region  now  under  consideration. 

In  these  later  pages  of  this  paper  it  may  be  that  conjecture  has  in  some 
instances  been  pushed  too  far,  but  so  long  as  it  is  understood  to  be  merely 
a  tentative  discussion  of  the  facts  given,  without  comment,  in  the  body  of 
the  paper,  it  cannot  be  misleading.  In  this  southwestern  part  of  Alberta 
it  is  at  least  manifest  that  the  records  exist,  more  or  less  obscured  and 
interwoven,  of  a  complicated  series  of  conditions  during  the  Glacial 
period,  the  final  reading  of  which  must  add  materially  to  our  knowl- 
edge of  the  glacial  history  of  the  continent  as  a  whole. 
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Introduction, 


In  Cuba  there  are  mountains  higher  than  any  on  the  eastern  side  of 
North  America;  extensive  plains  as  level  as  those  of  the  Atlantic  coast; 
^  valleys  formed  at  the  baselevel  of  erosion,  and  deep  canyons  carved  out 
by  the  youngest  streams ;  the  remains  of  enormous  beds  of  limestones 
mostly  swept  off  the  country,  and  coral  reefs  and  mangrove  islands  ex- 
tending the  coastal  plains  into  the  sea ;  sea-cliffs,  caves  and  terraces  of 
great  and  little  elevation;  drowned  valleys  deeper  than  the  fiords  of 
Norway  indenting  the  margin  of  the  insular  mass ;  caverns  innumerable 
and  rivers  flowing  underground ;  rifts  through  mountain  ridges  and 
rock-basins;  tilted,  bent  and  overturned  strata,  dislocated  and  faulted  in 
modern  times,  so  as  to  make  youthful  mountain  ranges ;  metamorphic 
rocks  and  rocks  igneous,  and  these  again  altered  to  secondary  products; 
old  baselevel  plains  or  these  modified  and  reaching  across  the  island, 
having  insular  ridges  of  older  formations  rising  out  of  them,  and  with 
the  surfaces  scarcely  incised  by  the  streams ;  residual  soils  from  the  de- 
composition of  the  rocks  and  sea-made  loams  and  gravels ;  in  short,  so 
rapidly  are  the  geologic  forces  working  that  one  can  see  a  greater  variety 
of  structure  and  learn  more  of  dynamic  geology  in  Cuba  than  on  more 
than  half  of  the  temperate  continent. 

Owing  to  the  apparent  connection  of  the  Antillean  r^ion  with  the 
American  continent  in  recent  geologic  times,  the  writer  visited  Cuba  in 
order  to  ascertain  the  relationship  of  the  atmospheric  degradation  of  that 
region  to  the  later  geologic  formations.  In  his  studies  almost  the  only 
assistance  received  was  found  in  the  difficultly  obtainable  geological  map 
of  Cuba  by  De  Castro  and  Salterain  y  Ligarra,  published  in  Madrid  in 
1881,  "Apuntes  para  una  Descripcion  Fisico-Geologica  de  las  Jurisdic- 
ciones  de  la  Habana  y  Guanabacoa,"  by  Salterain,  Madrid,  1880;  and 
"  Impressions  of  Cuba,"  by  G.  F.  Mathew.*  This  last  classic  paper  re- 
lates to  the  region  of  Cienfuegos.  A  few  other  scattered  notices  will  be 
referred  to  in  the  text. 

General  Topography. 

Cuba  is  750  miles  long  and  from  25  to  120  miles  wide.  In  the  western 
part  of  the  island  there  are  ridges  of  mountains  which  culminate  in  a 

■  ■  ■ — ~      ■      -      -     - 

*  Canadian  Naturalist,  vol.  ?ii,  1872,  p.  19. 
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point  with  an  altitude  of  2,500  feet*  but  the  principal  topographic  relief 
is  along  the  southern  coast  of  the  eastern  extension  of  the  island,  where 
Pico  Tarquino  rises  from  the  Sierra  Maestra  to  an  elevation  of  8,400  feet. 
Tlie  central  portion  of  the  island  is  generally  a  plain  from  200  to  400  feet 
al)ove  tide,  which  bears  many  scattered  and  interrupted  ridges,  like  islands 
in  a  sea.  To  this  portion  of  Cuba  the  present  study  is  chiefly  confined. 
The  northern  coast,  from  Havana  to  Matanzas,  53  miles,  is  high,  and 
rises  out  of  an  open  sea,  but  both  toward  the  east  and  west  the  low  coastal 
plains  extend  as  submerged  shelves  for  10  or  20  miles  farther,  and  are 
surmounted  by  coral  keys,  mangrove  islands  and  shallow  lagoons.    The 
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same  features  are  repeated  upon  the  southern  coast,  where,  however,  the 
submerged  portion  of  the  island,  often  covered  by  not  more  than  5  or  10 
feet  of  water,  forms  a  broad  shelf,  as  shown  on  the  map.  There  is,  how- 
ever, an  exception  between  Cienfuegos  and  Trinidad,  where  the  shelf  is 
incised  by  the  gulf  of  Cazones.  West  of  Cienfuegos  the  Zapata  peninsula 
is  a  marshy  plain  over  a  hundred  miles  across  the  front. 

Between  Cienfuegos  and  Trinidad  city  there  occurs  the  mass  of  Trin- 
idad mountains,  with  diameters  of  30  or  40 
miles.  Their  altitude  is  1,500  or  2,000  feet, 
with  Pico  Potrerillo  a  few  hundred  feet 
higher.  From  some  directions  the  outline 
appears  somewhat  regular,  but  from  others 

the  alternating  valleys  and  ridges  produce  a  ^^j^  ^^„^y  ^^j  ,„^,^  th^„  ^  „ji^ 
serrated  appearance  (see  figure  6,  page  83).  wide,  is  being  incised  by  the  cxten- 
The  upper  valleys  are  former  baselevels  of  ^\°„°'  *^^  ^°^^°  ^'^  °'  '""^  ^^° 
erosion,  as  shown  in  figure  2,  which  have 

been  disturbed  by  recent  elevations,  for  the  small  streams  are  only  now 
catting  back  their  canyons  hundreds  of  feet  in  depth.  Thus  the  Rio 
Caburi,  a  small  tributary  of  the  Rio  Negra,  has  already  excavated  a  can- 
yon GOO  feet  deep.  Only  the  larger  streams,  such  as  the  Rio  Juan,  have 
excavated  deep  gorges  far  back  in  the  elevated  valley  floors  of  older  date. 
The  Trinidad  mountains  form  the  highest  reliefs  in  central  Cuba,  and 
also  the  most  picturesque  scenery  of  the  island. 


Figure  2.— A  high  baseUvel  Valley. 
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On  the  northern  side  of  Cuba  the  highestlpoint  of  the  interrupted  ranges 
of  mountains  is  Pan  de  Matanzas,  1,277  feet  above  tide.  It  is  terraced 
and  sculptured  with  sea-caves  and  rifls  (see  figure  8,  page  87).  The  other 
inferior  and  scattered  ridges  in  the  central  portion  of  the  island  trend 
south  westward,  but  they  are  not  usually  parallel  to  the  coastline.  They 
are  the  remnants  of  an  early  degradation  before  the  formation  of  the 
present  plains,  which  occupy  much  of  the  central  portion  of  the  island, 
and  which  are  so  level  that  for  long  distances  no  irr^ularity  appears  on 
the  horizon.  The  elevations  of  the  plains  between  Havana  and  Matanzas, 
and  for  a  few  miles  eastward,  seldom  exceed  300  or  360  feet,  and  the  ridges 
which  rise  out  of  them  may  reach  altitudes  of  300  or  500  feet  higher. 
Farther  east,  in  the  vicinity  of  Colon,  the  plains  are  not  more  than  from 
100  to  200  feet  high,  while  in  the  central  part  of  the  island,  between  Cien- 
fuegos  and  Santa  Clara,  the  land  again  rises  to  as  much  as  400  feet  above 
the  sea.  Although  level  to  the  eye,  the  plains  slope  toward  the  shores  of 
both  sides  of  the  island. 

The  streams  in  this  part  of  the  country  are  in  very  shallow  depressions, 
without  the  appearance  of  valley  structure,  except  as  they  near  the  coast, 
where  in  a  distance  of  five  miles  they  may  descend  300  or  400  feet,  and 
form  amphitheater-like  valleys  two  or  three  miles  wide.  In  many  locali- 
ties the  drainage  is  carried  off  by  subterranean  outlets.  Streams,  after 
flowing  at  the  surface,  disappear  and  again  emerge.  The  Rio  Negra  north 
of  Trinidad  illustrates  this  feature. 

Between  Havana  and  Matanzas  sea-caves  may  be  seen  at  an  altitude  of 
about  350  feet  upon  the  landward  side  of  a  higher  ridge,  thus  showing  a 
recent  submergence  of  the  plain. 

Hydrography  off  the  Coast. 

The  submerged  coastal  shelves  have  been  referred  to  as  continuations 
of  the  land  features,  but  across  these  drowned  lands  the  soundings  are 
infrequent  in  many  localities,  yet  in  others  they  are  abundant  enough  t« 
show  some  valleys  of  great  depth.  The  most  notable  incision  in  this  en- 
larged insular  mass  is  the  gulf  of  Cazones,of  which  Cochinos  and  Xagua 
bays  are  branches  (see  map,  page  69).  Near  the  head  of  the  gulf  the 
drowned  valley  is  2,256  feet  deep,  and  increases  to  over  7,500  feet  before 
reaching  the  mouth.  The  length  of  the  incision  is  70  miles.  The  land 
about  the  head  of  the  gulf  is  low,  and  the  valley  has  there  been  filled  with 
recent  formations.  The  present  low  land  was  a  plateau  into  which  the  now 
drowned  valley  extended  as  far  back  as  the  present  head  of  Xagua  bay. 
The  western  side  of  the  fiord  is  bounded  by  the  submerged  portion  of  the 
island,  where  the  water  between  the  keys  and  mangrove  islands  is,  except 
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in  occasional  channels,  often  only  a  few  feet  deep.  On  the  eastern  side 
the  gulf  is  bounded  by  the  present  shores  of  the  island.  This  fiord  de- 
scends farther  seaward  and  joins  the  Bartlett  deep.  There  are  evidences 
of  a  similar  fiord  south  of  Guantanamo.  which  is  east  of  Santiago.  The 
channel  separating  Cuba  from  the  Bahama  banks  is  a  valley  less  than 
1,8()0  feet  deep  in  its  shallower  portions,  and  consequently  no  extraordi- 
nary fiord  could  be  expected. 

Matanzas  bay  is  a  land-locked  channel  three  or  four  miles  in  length. 
It  is  simply  the  continuation  of  a  partly  filled  valley,  and  the  bay  soon 
reaches  a  depth  of  a  thousand  feet  (1,434  feet  at  its  mouth)  before  join- 
ing the  outer  fiord.  Baracoa  bay  is  over  700  feet  deep.  The  valley  at 
Trinidad  and  many  canyons  forming  outlets  for  bays  are  from  100  to 
200  feet  deep.  Cabanas  and  other  bays  pass  into  very  deep  fiords,  but 
often  the  soundings  are  only  sufficiently  numerous  to  indicate  their 
presence  and  not  their  character. 

Many  of  the  bays  are  from  one  to  ten  miles  long  and  form  broad  basins 
from  which  there  are  very  deep  though  narrow  outlets.  Thus  Havana 
bay  is  about  a  mile  and  a  half  wide,  with  its  outlet  through  a  low  lime- 
stone barrier  only  900  feet  wide  and  60  feet  deep.  Xagua  bay  (see  figure 
10,  page  91)  occupies  the  lower  part  of  a  valley  12  miles  long  and  three 
or  four  broad.  Its  depth  varies  from  shoals  to  100  feet,  but  it  empties 
into  the  sea  through  a  rock-bound  canyon  168  feet  deep,  which  in  the 
narrowest  portion  is  only  1,200  feet  wide.  This  bay  may  be  taken  as 
one  of  the  finest  types  and  its  origin  will  be  described  hereafter. 

Geologic  Basement. 
metamobphic  formations. 

De  Castro  and  Salterain  assign  the  formations  of  Trinidad  mountains 
to  the  Paleozoic  group,  but  there  appears  to  be  no  certainty  as  to  their 
age.  They  are  composed  of  a  semicrystalline  limestone  of  fine  texture 
and  blue  color,  resembling  externally  some  Ordovician  rocks ;  so  also  do 
the  associated  black  slates.  The  limestones  are  somewhat  micaceous 
and  are  composed  of  small  glassy  calcareous  particles  in  a  dark  matrix, 
but  in  their  internal  structure  they  are  not  like  our  Paleozoic  limestones. 
Some  of  them  become  micaceous  limestone-schists,  so  closely  resembling 
mica-schists  that  there  is  danger  of  their  being  mistaken  for  them. 

The  strata  of  Trinidad  mountains  are  highly  disturbed,  being  not  only 
uplifted  but  also  bent  and  overturned,  with  the  beds  dipping  in  variable 
•lirections.  The  modern  topographic  surface  appears  independent  of  the 
be<lding,  for  the  valleys  and  watercourses  which  traverse  the  mountain 
are  quite  independent  of  the  folds  and  structure  of  the  strata,  but  at  the 
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same  time  the  erosion  has  developed  bold  reliefe,  so  that  the  serrature^ 
of  the  surface  are  dependent  upon  the  durable  remnants  of  the  uptunid 
strata.     No  conglomerates  were  observed  in  the  exposures  visited. 

Whatever  their  age,  the  Trinidad  mountains  constitute  the  oldest  rocks 
of  central  Cuba,  but  the  formations  were  generally  removed  b}'  denuda- 
tion before  the  later  accumulations,  which  are  nowhere  else  penetrated  bj 
similar  rocks.  Where  the  mechanical  materials  of  the  Trinidad  moun- 
tains came  from,  whether  from  strata  since  buried  beneath  newer  deposits 
or  from  the  continental  extensions,  cannot  now  be  determined. 

IGNEOUS  FORMATIONS. 

Forming  some  of  the  ridges  and  also  the  rugged  valleys  there  are  dio- 
rites  and  disturbed  strata  of  serpentine,  all  of  which  are  greatly  decayed 
where  the  natural  surfaces  are  exposed.  There  are  also  a  few  granitic 
rocks.  These  formations  are  included  within  the  area  of  Cretaceous 
distribution  and  have  been  exposed  in  narrow  belts  in  many  portions  of 
the  island,  and  farther  east  in  broader  zones,  on  account  of  the  removal 
by  denudation  of  the  overlying  Cretaceous  and  Tertiary  formations.  The 
characters  of  the  rocks  appear  constant,  so  that  their  history  in  one  part 
of  Cuba  may  probably  be  applied  to  the  whole  island.  The  upturned 
beds  of  serpentine  have  been  extensively  quarried  at  Havana,  and  the 
formation  can  be  seen  in  the  Yumuri  valley  near  Matanzas,  near  Xagua 
bay,  about  Santa  Clara,  etcetera.  The  igneous  rocks  underlie  Cretaceous 
deposits,  but  nothing  is  definitely  known  of  their  age,  so  that  they  may 
belong  to  the  early  Cretaceous  or  to  older  formations. 

Cretaceous  History. 
local  geologic  characteristics. 

In  general, — At  the  commencement  of  this  period,  so  far  as  the  record? 
have  shown,  there  were  only  a  few  insular  masses  of  limestones  and  me- 
chanical deposits  in  central  or,  indeed,  most  of  Cuba.  There  were  prol)- 
ably  some  islands  of  igneous  rocks,  but  generally  these  are  only  exposed 
by  subsequent  denudation. 

Trinidad  region, — Lying  against  the  eastern  flanks  of  Trinidad  moun- 
tains and  constituting  much  of  the  floor  of  Trinidad  valley,  there  are  ex- 
tensive accumulations  referable  to  the  Cretaceous  system.  The  lower 
members  are  calcareous,  glauconitic  and  gray  sand  or  friable  sandstone, 
composed  of  both  angular  and  water- worn  grains  of  quartz.  They  are 
frequently  exposed  at  the  base  of  the  Tertiary  limestone  ridges  which 
sep«arate  the  valley  from  the  sea.  At  the  railway  bridge  west  of  the  city 
of  Trinidad  the  beds  dip  30°  south,  25°  to  45°  west.     Owing  to  the  varia- 
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tion  of  the  dip  and  the  faulting,  it  is  not  practicable  to  measure  the  thick- 
ness, which,  however,  must  be  considerable,  for  the  formation  underlies 
much  of  Trinidad  valley,  which  is  3  miles  wide  and  18  miles  long. 

Overlying  the  sandstones,  there  are  some  limestone  beds,  succeeded  by 
other  beds  of  sandstone,  which  in  turn  are  surmounted  by  heavy  masses 
of  limestones.  The  sandstones  are  fossiliferous.  A  flag-like  plant,  re- 
sembling Typha  (identified  by  Mr  Knowlton),  was  collected,  but  the 
formation  was  not  carefully  searched  for  fossils,  which  are  found  in  the 
same  series  west  of  the  mountains. 

As  best  exposed  at  the  railway  tunnel  the  overlying  limestones  occur 
in  undulating  and  very  much  broken  and  jointed  beds,  so  that  the  dip 
cannot  be  everywhere  defined,  but  where  recognizable  the  direction  varies 
from  20®  to  45**  west  of  south.  The  inclination  of  the  beds  diminishes 
toward  the  northern  end  of  the  section.  The  rock  is  a  fine  grained,  com- 
pact and  semicrystalline  limestone,  of  drab  color  chiefly, 'but  yellow 
and  whitish  tints  also  occur.  The  general  appearance  is  older  than  that 
of  the  Tertiary  limestones.  Some  conglomerate  is  included  in  the  lowei 
beds  at  the  tunnel.  The  thickness  reaches  a  few  hundred  feet,  but  a 
close  determination  is  not  possible.  The  highest  altitude  at  which  these 
beds  were  seen  reaches  400  feet  above  tide,  where  they  dip  40°  south,  60° 
west.  The  exposed  and  fissured  surfaces  are  often  thickly  coated  with 
incrustations  of  ferric  and  manganese  oxides. 

CienfuegoB  region. — The  same  formation  occurs  on  the  western  side 
of  the  Trinidad  mountains,  and  has  been  well  described  by  Mr  G.  F. 
Mathew  in  the  paper  already  cited.  As  this  paper  is  not  easily  obtained 
the  writer  feels  justified  in  quoting  freely  from  Mr  Mathew's  work,  as  his 
observations  are  confirmed : 

*'  On  both  sides  of  the  Damuji  a  series  of  strata  is  exiK)8ed,  consisting  chiefly  of 
limeKtones,  but  apparently  separated  into  two  bands  by  an  intermediate  body  of 
Kandntones.  .  .  .  The  limestones  .  .  .  cropping  out  of  the  ridge  west  of  the 
r)aniuji  are  clearly  underlain  by  sandstones  holding  Cretaceous  fossils,  and,  although 
><iilH*rystalline,  fine  grained  and  homogeneous,  cannot  be  regarded  as  primary.  Tlieir 
lower  beds  are  gray  and  impure,  but  did  not  yield  any  recognizable  fossils ;  the 
i;ray  ^rits  and  sandstones,  however,  upon  which  they  rest  contain  shells  of  the 
trenera  Conxm  and  Oliva,  several  small,  undetermined  bivalves  and  a  number  of 
•>mall  echinoid  forms  resembling  Ciderites.  These  organisms  were  observed  in  the 
•andstones  on  the  hillside,  just  above  the^buildings  of  the  Constancia  estate,  where 
l»th  the  limestones  and  sandstones  dip  westward  at  a  very  low  angle.  I  was  in- 
formed that  the  subcrystalline  limestones  of  this  group  rise  to  the  surface  in  the 
Zapata  swamp  (which  the  writer  has  seen  near  Yaguaramas).     .     .     . 

"  I  observed  the  arenaceous  strata  of  this  region  at  two  points  in  the  river  valley, 
which  would,  if  connected,  carry  them  diagonally  across  the  stream.  Tlie  first  of 
the«e  places  met  with  in  ascending  the  river  is  the  passa  or  ferry  on  the  Cienfuegos 
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road.  There  are  here  gray  and  buff  sandstones,  containing  shells  of  the  genera 
Exogyra^  Ostrea  and  liioceramus;  also  at  Limones,  a  farm  in  a  little  valley  farther 
up,  there  are  beds  of  dark  and  gray  sandstone  holding  shells  of  the  genera  O^rea 
and  Inoceramus,  The  sandstones  are  accompanied  by  a  brown  conglomerate  hold- 
ing pebbles  of  feldspar,  porphyry  and  diorite.  The  limestones  of  the  Constancia 
landing  and  Conoepcion  estate  (ravine  near  the  landing)  ...  lie  alon^;  the 
eastern  side  of  the  arenaceous  band  seeil  at  the  Constancia  buildings  and  the  ferry. 
They  are  mostly  of  a  pale  buff  tint,  and  are  replete  with  organic  remains,  being  in 
fact  Hippurite  limestone.  This  type  of  shell  (HippuriUti)  of  several  species,  with 
Caprinella  and  Caprolina  (?)  abound  in  them,  and  they  also  contain  corals  and  sev- 
eral kinds  of  univalve  and  bivalve  shells,  among  which  are  a  large  OWva,  a  ConuSy 
an  oyster  of  the  type  Ostrea  cristcUay  Echini  and  sponges. 

**  One  feature  of  remark  in  the  Cretaceous  rocks  of  the  district  of  Cienfuegos  is 
the  evidence  they  give  of  the  extent  to  which  the  hardening  process  has  gone  on 
in  them.  This  condition  of  the  beds  is  not  limited  to  the  district  on  the  Damuji 
which  I  have  spoken  of,  but  characterizes  them  over  a  large  area,  for  in  hardness 
and  coherence  they  resemble  rocks  of  the  Carboniferous." 

Mr  Mathew  also  emphasizes  the  stupendous  changes  of  terrestrial 
movements  in  the  later  geologic  times  throughout  the  West  Indian 
region. 

Havana  region. — In  the  vicinity  of  Havana  and  eastward,  denudation 
has  removed  the  Tertiary  formations  and  exposed  large  areas  of  the  same 
strata  as  those  seen  at  Trinidad  and  Cienfuegos.     Whether  all  of  the 

limestones,  such  as  those  described, 
belong  to  the  Cretaceous  or  not  is 
an  unsettled  question,  one  which 
Salterain,  who  has  done  more  work 
riovKK,.^ASecttonaion^Ra,'iu>ayoniH..ast     ^^   ^^^  Havana  rcgiou  than   any 

Side  of  Havana  Bay.  othcF  gCOlogist,    haS    UOt   bcCU   able 

y|=  jointed  and  broken  limestone;   C,  C  =       tO  aUSWCr.      The  rOCks   SCCn   in  the 

beds  of  the  sandstones  faulted  into  positions     Havana  district  appear  less  crys- 

betweenbedsofniarls^  A^-  ^    ,,.         ^,  ^,  ^\  ,  /, 

talhne  than  those  observed  on  the 
southern  coast,  but  the  strata  are  much  more  faulted  and  jointed  than 
farther  southeast. 

In  the  Havana  district  there  is  a  lower  calcareous  glauconitic  sand 
resting  on  the  serpentine  and  associated  rocks.  Overlying  the  sands 
there  is  a  calcareo-magnesian  marl  or  limestone  which  in  places  is  so 
faulted  and  jointed  as  to  make  it  impossible  to  determine  the  dip  of  the 
strata  (see  A,  figure  3).  In  one  locality  the  dip  is  clearly  70°  south,  30° 
west,  but  it  is  difficult  to  determine  whether  the  southwestern  or  north- 
eastern dip  prevails.  From  the  section  of  these  rocks  seen  along  the 
railway  west  of  Havana,  it  would  appear  that  these  accumulations, 
probably  Cretaceous,  are  very  thick. 
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In  the  Yumuri  valley,  east  of  Colon,  in  the  Santa  Clara  district,  etcetera, 
these  Cretaceous  deposits  are  seen  in  narrow  belts,  where  they  have  been 
exposed  by  denudation. 

QEOQRAPHIC  FEATURES  OF  THE  CRETACEOUS  PERIOD. 

The  general  absence  of  sedimentary  and  calcareous  formations  beneath 
the  Cretaceous  sands  and  the  widespread  foundation  of  igneous  rocks 
under  them  lead  to  the  inference  that  Cuba  was  subjected  to  extensive 
erosion  during  at  least  the  earlier  Cretaceous  period,  if  not  before.  How- 
ever, the  topography  then  produced  has  been  generally  obliterated  so  as 
not  to  be  prominent  in  the  later  physical  conditions  of  the  Antillean  region. 
The  pre-Cretaceous  baselevel  character  of  Cuba  bears  a  close  resemblance 
to  the  pre-Cretaceous  baselevel  plains  of  the  southern  states,  which  were 
composed  of  Archean  rocks  and  extended  far  seaward  of  their  present 
limits.  Indeed,  it  would  not  be  a  violent  suggestion  to  suppose  that  the 
continent  extended  to  Cuba  just  before  the  commencement  of  the  Cre- 
taceous period. 

Whether  the  post-Cretaceous  elevation  was  at  the  close  of  that  period 
or  in  the  earlier  Eocene  has  not  been  determined,  for  some  of  the  semi- 
crystalline  limestones  provisionally  grouped  with  the  Cretaceous  forma- 
tions may  belong  to  the  later  period.  The  degradation  which  affected 
the  Cretaceous  accumulations  was  much  less  energetic  than  that  preced- 
ing the  deposition  of  these  rocks,  as  the  sands  and  other  rocks,  although 
easily  denuded,  are  yet  both  extensive  and  of  considerable  thickness* 
The  preservation  of  the  soft  Cretaceous  deposits  is  in  strong  contrast  to 
the  general  removal  of  hard  rocks,  like  those  of  Trinidad  mountains,  dur- 
ing the  earlier  period  of  erosion. 

Where  not  covered  by  the  Tertiary  limestones  the  Cretaceous  forma- 
tions are  generally  concealed  beneath  the  black  or  mulatto,  residual  soils 
formed  by  the  decay  of  the  calcareous  rocks  or  the  accumulation  of  the 
more  recent  sands  and  gravels. 

Eocene  and  Miocene  History. 
local  geologic  characteristics, 

In  general. — Resting  upon  the  greatly  disturbed  and  eroded  surfaces 
belonging  to  the  Cretaceous  system  there  are  extensive  beds  of  limestones 
with  which  some  mechanical  deposits  are  associated.  These  Tertiary 
rocks  constitute  widespread  formations  of  considerable,  but  variable, 
thickness,  as  they  have  been  subjected  to  enormous  denudation  subse- 
quent to  their  deposition. 

While  these  Tertiary  beds  can,  upon  paleontologic  grounds,  be  sepa- 

XI — Bull.  Obol.  Soc.  Am^  Vol.  7,  1896. 
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rated  into  the  Eocene  and  Miocene  systems,  they  constitute,  however,  a 
physical  unit,  apparently  without  important  stratigraphic  breaks. 

Matanzas  region. — Between  Havana  and  Matanzas  the  Tertiary  lime- 
stones form  prominent  ridges  surmounting  a  country  which  is  from  300  to 
400  feet  above  the  sea.  These  ridges  are  commonly  low  and  interrupted, 
but  at  a  point  about  10  miles  west  of  Matanzas  they  are  rendered  conspic- 
uous by  two  butte-like  masses,  of  which  Pan  de  Matanzas,  rising  to  1/277 
feet  above  the  sea,  is  the  higher  (see  figure  7,  page  87).  Eastward  of  the 
Pan  the  ridges  become  lower,  but  appear  to  rest  upon  the  margin  of  an 
old  baselevel  plain  of  about  400  feet  altitude,  out  of  which  the  Vale  de 
Yumuri  is  excavated.  At  Matanzas  the  Yumuri  river  has  recently  cut  a 
canyon  across  the  ridge  and  exposed  the  best  section  of  I'ertiary  forma- 
tions the  writer  has  seen  in  Cuba.    It  is  shown  in  figure  4.    The  section 


FiouRB  ^.—Section  (ilong  Yumuri  Canyon. 

5=9ealevel;  E-C^  raised  modern  coral  reef;  ^»  Matanzas  (PUocene?)  limestones  resting 
unconformably  upon  the  Miocene ;  B  =  undulations  in  mechanical  beds ;  I)  =  base  (?)  of  the 
Miocene ;  A  »  undulations  in  Bocene  beds ;  F=  fault-beds  shown  in  their  natural  dip. 

The  length  of  the  section  is  3,800  feet  in  a  direction  at  right  angles  to  the  strike. 

extends  from  the  church  near  the  mouth  of  the  river  along  the  goi^e  to 
the  Yumuri  valley.  The  canyon  is  only  about  300  feet  wide,  and  the 
walls  reach  an  elevation  of  about  250  feet  at  a  short  distance  from  the 
river.     This  canyon  will  be  explained  later. 

From  the  fault  near  the  northwestern  end  of  the  gorge  the  valley  opens 
out,  and  accordingly  the  lower  Tertiary  beds  are  lacking,  through  re- 
moval, on  the  northern  side  of  the  gorge,  but  upon  the  southern  side  of 
the  valley  they  are  further  exposed  for  half  a  mile  or  more.  The  dip 
at  the  southeastern  end  of  the  section,  in  what  have  been  called  by  the 
author  Matanzas  limestones,  is  13**  to  15®  north,  10**  to  20**  east.  The  upper 
beds  of  the  underlying  and  unconformable  Miocene  strata  dip  30°  south, 
30°  east,  but  this  inclination  is  reduced  in  the  lower  beds  to  from  20** 
to  25°.  At  the  fault  near  the  inner  end  of  the  gorge  the  adjacent  beds, 
dipping  at  60°,  show  dislocation,  but  beyond  the  location  of  the  fault  the 
dip  of  the  beds  becomes  normal.  Reduced  to  vertical  measurement,  the 
formation  shows  the  following  section : 

Pliocene  (?)  (Matanzas)  :  Feet 

White  and  creamy  earthy  fossiliferous  limestones  with  some  calcare- 
ous pebbles  and  fragments ISO 
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MioCEKB :  Feet 

Chalky  and  coral  limestones  in  beds  of  different  thickness 450 

Gray  stratified  sand &-  10 

Coral-bearing  limestone 100 

Sand  and  conglomerate^ 40 

Limestone 30 

Sandy  stone 30 

White  limestone 20 

Creamy  white,  very  hard  limestone  with  casts  of  lower  Miocene 

shells  abundant 110 

790 

Eocene: 

Rough,  compact  whitish  limestone  with  vesicular  surface  and 
the  thick  stratum  penetrated  by  numerous  caves 480 

Buff  colored  earthy  limestone,  weathering  to  rounded  surfaces 
and  resting  on  a  slight  unconformity 100 

White  soft  limestone  with  some  layers  showing  unequal  harden- 
ing        180 

760 

Total  thickness  above  the  fault 1,700 

Beneath  the  fiiult,  the  equivalent  vertical  throw  of  which  is  between 
250  and  400  feet,  there  is  an  extensive  development  of  Eocene  lime- 
stones which  may  be  roughly  estimated  in  excess  of  the  beds  above 
the  fault  at  from  500  to  800  feet.  The  total  thickness  of  Tertiary  rocks 
is  therefore  from  2,200  to  2,500  feet. 

There  is  a  slight  unconformity  between  the  Miocene  marl  and  sand 
layers. 

m 

At  Pan  de  Matanzas,  about  eight  miles  west  of  the  above  section,  the 
thickness  of  limestone  is  about  1,000  feet,  but  denudation  appears  to  have 
removed  most,  if  not  all,  of  the  Miocene  strata.  The  Pan  is  on  the  side 
of  an  anticline  opposite  to  that  where  the  section  near  Matanzas  was  ex- 
amined. At  the  Pan  the  strata  dip  10°  north,  20**  west.  The  features 
of  the  post-Miocene  erosion  will  be  noted  later.  The  Miocene  strata  are 
moderately  rich  in  fossils,  both  in  the  upper  and  lower  parts  of  the  for- 
mation. In  some  of  the  beds,  especially  the  higher,  corals  in  small  colo- 
nies are  common.  The  shells  are  most  abundant  in  the  lower  beds.  The 
following  species  were  collected  and  kindly  determined  by  Dr  W.  H.  Dall. 
The  corals  were  not  determined. 

Cardium  (near  iaooardia)  dendeonis  (7),  Peden  nodosus, 

Gnppy.  Giuirochxna  sp. 

SUifpiaria  vUU  (7),  Ck)nrad.  Chama  arcineUa  (7),  Lam. 

BaJUinophyUia  sp.  Area  sp. 

Vnius  hlandiana  (7),  Guppy.  Lucina  sp. 

(Jcrithium  bumfiiy  Dall.  Psammobiay  sp.  not  yet  named  (like  Chipola). 

TnrriteUa  aUilira^  Conrad.  PectunculuB  (near  pennaonu).  Lam. 

TarriteUa  sp.  Thracia  (belonging  to  subgenus  CyaihodorUa, 
Conus  (probably  planicq)s),  Heilprin.         Ck)nrad),  n.  sp. 
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It  should  be  noted  that  the  shells  are  only  preserved  in  the  form  of 
casts,  and  this  condition  renders  their  specific  determination  difficult, but 
Doctor  Dall  says  he  has  no  doubt  of  the  age  of  the  assemblage  of  fossils. 

There  is  a  strong  lithologic  difference  in  the  characters  of  the  strata 
above  and  below  the  line  where  the  division  between  the  Miocene  and  the 
Eocene  is  placed.  The  Eocene  beds  bear  a  close  resemblance  to  the  fossil- 
iferous  strata  near  Havana,  and,  indeed,  to  the  Vicksburg  beds  of  the 
southern  states.  If  the  lithologic  separation  of  the  two  divisions  of  the 
Tertiary  strata  be  not  wholly  supported  by  the  paleontologic,  yet  it  has 
no  bearing  on  the  sequence  of  physical  events  presented  in  this  study. 

At  several  points  along  the  Union  railway  between  Matanzas  and  Ha- 
vana good  sections  of  the  Tertiary  formations  are  exposed  in  the  sides  of 
the  valleys.  The  strata  dip  at  only  moderate  angles,  but  several  anti- 
clines and  synclines  were  observed,  such  as  those  seen  near  San  Miguel. 

Havana  region. — Salterain  has  treated  the  Tertiary  rocks  at  consider- 
able length  in  his  studies  about  Havana.  Like  the  rocks  at  Matanzas, 
the  Eocene  limestones  are  harder  and  more  siliceous  than  the  Miocene 
deposits.  The  strata  form  ridges  along  the  coast  and  appear  conformable. 
The  lower  beds  unconformably  succeed  the  Cretaceous  strata  already 
described.  The  beds  dip  at  from  12**  to  15°  northwestward.  The  Miocene 
beds  are  earthy,  as  at  Matanzas,  and  in  part  porous  with  the  fossils  in 
the  form  of  casts  or  moulds.  From  five  quarries  Salterain  collected  forty 
species  of  Miocene  fossils,  and  from  seven  other  localities  he  obtained 
forty-four  species  of  Eocene  forms.  The  lists  of  these  fossils  appear  in  his 
paper,  and  Doctor  Dall  considers  that  the  respective  formations  were 
correctly  defined. 

Owing  to  the  proximity  of  the  Tertiary  formations  to  the  sea,  the 
streams  have  excavated  a  broad  amphitheater  out  of  the  elevated  plateau^ 
so  that  in  the  erosion  of  the  Havana  basin  the  Tertiary  formations  have 
been  largely  removed,  with  the  consequent  exposure  of  the  Lower  Creta- 
ceous and  other  beds.  According  to  Salterain's  estimate,  the  Eocene  beds 
aggregate  200  feet  and  the  Miocene  160  feet.  These  estimates  exclude  all 
of  the  limestones  which  were  involved  in  the  post-Cretaceous  disturb- 
ances. Near  a  quarry  southwest  of  Havana  there  is  an  isolated  mass  of 
conglomeratic  limestone  dipping  30°  southwest,  or  at  a  greater  angle  and 
in  another  direction  than  that  prevailing  in  the  Tertiary  limestones. 
The  Tertiary  limestones  give  rise  to  a  residual  soil  like  red  loams. 

Sagua  le  Grande  region, — This  is  a  leap  of  150  miles  to  the  east  of  Ha- 
vana to  a  locality  situated  on  the  northern  side  of  the  island.  In  this 
part  of  the  island  the  country  is  a  low  plain  of  great  extent,  out  of  which, 
southwestward  of  the  city,  low  ridges  rise.  These  ridges  are  composed  of 
Tertiary  limestones  with  their  surface  greatly  eroded,  and  often  levelled 
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SO  as  to  form  the  plain  reaching  to  the  interior  of  the  island.  Along  the 
railway  and  along  the  river  the  strata  are  exposed  and  show  variable 
inclinations  up  to  60®  or  70°  in  a  direction  south  30°  west,  and  in  one 
place  the  beds  are  vertical.  Lying  upon  this  floor  there  were  enough 
patches  of  Matanzas  marl  to  show  that  the  pre-Matanzas  erosion  was  very 
extensive,  and  even  this  later  marl  has  been  mostly  removed  by  later 
denudation. 

Cienfuegos  region. — Cienfuegos  is  situated  on  a  plain  rising  toward  the 
interior  of  the  island,  but  in  the  intervening  region  the  country  is  un- 
dulating. The  underlying  materials  are  composed  of  soft  yellow  marls 
and  incoherent  sandstones.  The  beds  dip  from  20°  to  30°  southward. 
The  sandstones  occasionally  form  a  conglomerate  20  or  30  feet  in  thick- 
ness.   Of  this  section  Mr  G.  F.  Mathew  says : 

''The  geological  formation  to  which  the  yellow  and  buff-colored  beds  underly- 
ing Cienfuegos  belong  appears  to  be  one  of  f^reat  thickness.  I  have  traced  it  in  a 
northemly  direction  as  &r  as  Caunau,  four  miles  from  Cienfuegos,  and  I  did  not 
then  reach  it«  limit.  This  was  in  a  line  nearly  at  right  angles  to  the  strike  of  the 
beds,  and  the  intervening  strata  where  exposed  appear  to  have  a  regular  dip.  The 
middle  of  the  series  consists  of  beds  finer,  more  clayey  and  apparently  more  cal- 
careous than  those  in  the  two  places  named  [elsewhere].  At  Caunau  the  strata 
are  quite  firm  and  compact,  becoming  a  coarse  sandstone.  For  a  mile  or  two  back 
of  Cienfuegos  there  are  numerous  fossiliferous  layers  in  the  more  clayey  parts  of 
the  series,  from  which  I  obtained  the  following  forms:  Belanus  sp. ;  DerUalum  (?), 
(htrea,  seven  species;  Atumia  sp. ;  PecUn,  five  species;  EchinoidSf  of  two  species 
(one  a  Scutdloid  form) ;  also  a  large  OrbitoideSf  a  shark's  tooth,  and  parts  of  the  test 
of  a  crab,  including  the  claws  and  carapace.  Mr  J.  Lechmere  Guppy,  of  Trinidad, 
West  Indies,  who  has  kindly  examined  these  fossils,  says  they  are  probably  of 
Miocene  age.  The  formation  in  which  they  occur  is  evidently  one  of  great  magni- 
tude and  importance.  ...  I  should  think  it  is  a  mile  in  thickness  where  I 
crossed  it.  It  is  probably  limited  by  the  Trinidad  mountains  to  the  east,  and  does 
not  appear  on  the  lower  part  of  the  Damuji,  where  the  older  series  comes  to  the 
sar&oe." 

This  estimate  of  the  great  thickness  may  in  part  arise  from  concealed 
faults,  as  the  section  is  very  much  covered  by  soils,  etcetera.  Moreover, 
it  would  appear  that  the  Eocene  equivalents  are  included  in  the  esti- 
mated thickness.  The  unusual  mechanical  character  of  these  accumula- 
tions 18  explained  by  their  occurrence  near  the  base  of  the  Trinidad 
mountains,  which  is  the  oldest  land  mass  in  Central  Cuba,  and  the  ad- 
jacent extensive  deposits  of  Cretaceous  sands. 

Trinidad  region. — In  front  of  the  Trinidad  mountains,  and  extending 
thence  for  a  distance  of  15  or  20  miles  eastward  of  the  city  of  Trinidad, 
there  is  a  ridge  of  coastal  mountains  consisting  of  a  succession  of  peaks 
arranged  in  echelon  (see  figure  5),  and  these  separate  Trinidad  valley 
from  the  sea.    The  peaks  rise  600  to  700  feet  above  tide,  with  the  inter- 
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vening  depressions  reduced  to  300  or  400  feet.    The  ridges  are  composed 
of  Tertiary  limestones  resting  upon  the  Cretaceous  deposits. 

The  Santo  Espiritu  mountains,  at  a  somewhat  higher  altitude  than 
the  coast  range,  and  extending  inland,  are  also  composed  of  Tertiary 
formations.  The  trend  of  the  echeloned  coast  range  is  south  70°  east. 
Lookout  peak,  back  of  the  city  of  Trinidad,  is  740  feet  high.    Near  its 

summit  there  are  beds  of  fine  con- 
glomerate composed  of  rounded 
quartz  pebbles  an  inch  in  length. 
There  are  also  limestone  pebbles 

FIGURE  5.-7*.  coastal  Chain  of  Tertiary    three  timcs  as  large.    From  the  de- 
Mountains  dislocated  by  Faults,  cay  of  the  formation  the  surfaces 

^*-the  northern  side  presents  precipitous      of  the   rOCks  bcCOmC  COVCred   with 
slopes,  while  the  southern  descent  U  gentle.         ^^^^j  ^y^^^  ^jgj^^  ^^  mistaken  for  a 

more  recent  deposit.  Other  beds  are  soft  white  marly  limestones.  The 
dip  of  the  strata  at  Lookout  station  is  15^  or  20^  east  of  south,  but  lower 
down  upon  the  flanks  of  the  mountain  the  Cretaceous  (?)  limestones  in- 
cline at  high  angles  toward  the  southwest.  Three  miles  east  of  Trinidad 
the  Tertiary  formations  dip  at  20**  southeast.  The  Tertiary  rocks  do  not 
exceed  a  few  hundred  feet  in  thickness,  as  they  have  suffered  an  enor- 
mous amount  of  erosion. 

The  different  character  of  the  Tertiary  accumulations  on  the  two  sides 
of  the  Trinidad  mountains  is  notable,  and  may  have  arisen  from  the 
direction  of  the  currents  or  from  the  deposition  of  the  two  seta  of  beds 
not  having  been  synchronous.  No  attempt  has  been  made  to  separate 
the  different  members  of  the  group,  as  the  fossils  are  very  scarce,  those 
found  in  the  caves  having  been  carried  there  at  a  recent  day.  The 
Tertiary  limestones  are  very  much  honeycombed  by  rain  washes,  and 
they  are  further  characterized  by  numerous  large  caves.  Only  fragments 
of  the  overlying  Matanzas  marls  remain  upon  the  eroded  surface  of  the 
older  Tertiary  rocks,  except  near  the  coast. 

GEOGRAPHIC  FEATURES  OP  THE  TERTIARY  PERIOD. 

In  the  early  part  of  the  Tertiary  period  a  long,  narrow  island  extendcMl 
from  the  Trinidad  mountains  eastward.  Between  the  Trinidad  moun- 
tains and  those  in  the  most  western  portion  of  Cuba  there  was  a  broad  sea, 
out  of  which  rose  a  few  islands.  The  depth  of  the  submergence  was  vari- 
able. At  Matanzas  it  exceeded  1,300  feet  and  in  the  Sierra  Maestra  the 
depression  reaches  at  least  2,300  feet  (Kimball).  In  some  portions  of 
Cuba  there  is  evidence  that  the  land  was  high  in  the  early  Eocene,  but 
apparently  depressed  at  the  end  of  that  period,  which  merged  into  the 
Miocene.     In  places  the  fossils  indicate,  according  to  Salterain  and  Gahb, 
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that  there  waa  a  submergence  until  the  close  of  the  Miocene  period.  How- 
ever, the  Miocene  period  was  characterized  by  some  important  changes  of 
level,  for  mechanical  sediments  often  replace  the  calcareous.  Several 
years  ago  Professor  W.  O.  Crosby  found  radiolarian  earths  at  Baracoa, 
which  were  identified  by  Dr  J.  W.  Gregory.  These  have  been  regarded 
as  of  deep-sea  origin.  Samples  of  the  earth  were  kindly  given  the  writer 
by  Professor  Agassiz,  for  whom  it  had  been  collected  by  Mr  R.  T.  Hill. 
Their  occurrence  in  other  islands  of  the  West  Indies  was  better  known, 
and  they  have  been  correlated  with  the  Barbadoes  deposits  of  Mr  Jukes- 
Browne.*  If  these  radiolarian  earths  were  deposited  concurrently  with 
those  of  the  Barbadoes  and  the  Miocene  earths  of  the  Atlantic  coast 
and  Jamaica,  then  it  would  appear  that  portions  of  Cuba  were  depressed 
to  abysmal  depths  before  or  during  the  earlier  Miocene  period,  for  the 
present  writer  has  found  that  no  radiolarian  earths  occur  in  the  succeed- 
ing Pliocene  deposits  which  rest  upon  the  greatly  denuded  Miocene  lime- 
stones of  Cuba. 

Since  the  above  was  written  Mr  Hill  has  published  stratigraphic  evi- 
dence of  the  Baracoa  earths  underlying  Miocene  beds. 

Pliocene  History. 
ma  ta nzas  forma  tion. 

In  patches  or  in  more  continuous  belts  there  are  white  and  stained  lime- 
stones and  marls  constituting  a  formation  resting  unconformably  upon 
the  greatly  eroded  surfaces  of  the  older  Tertiary  and  the  Cretaceous  strata 
already  described.  The  more  chalky  beds  become  case-hardened  upon 
ex)>osure.  The  formation  contains  more  or  less  fragmental  material,  de- 
rived from  the  broken  remains  of  the  older  Tertiary  rocks,  and  sometimes 
water-worn  pebbles  of  the  same  material.  Where  unconformity  is  not 
recognizable  there  is  often  difficulty  in  distinguishing  these  calcareous 
beds  from  the  Miocene  marly  rocks,  but  the  formation  is  fossiliferous. 

In  the  Havana  region  Salterain  catalogued  the  following  fossils  which 
he  found  in  this  formation : 

OarUhium,  DoUium  sp.  Patella  sp. 

Tabes  of  Ckutrochana,  Tellina  sp.  Bulla  sp. 

LUhodomut.  T.  planata  (?).  Dmdrarea, 

Ijueina  Hgrifia,  T.  pktnimma,  Heliatirsea, 

L.  sp.  L.  setnireUcularia.  Pecten  sp.  Meandrina, 

L,  quadrisuIcalcL  Oardium  sp.  Madrepora. 

Area  biangiUa,  CnumUUa  sp. 


***G«olo«7  of  Barbadoes:"  Qaar.  Jour.  Geol.  Soc.,  Lond.,  1891,  vol.  Ixvii,  pp.  197-260,  and  1892, 
»ol.  xWlli,  pp.  170-2M. 
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In  the  region  of  Matanzas  the  typical  beds  lie  unconformably  upon 
the  Miocene.  Thus,  on  the  northern  side  of  the  Yumuri  gorge,  between 
the  church  and  the  first  lateral  ravine,  there  are  about  150  feet  of  this 
earthy  limestone  in  beds  dipping  about  15°  north  10°  east.  It  also  rises 
and  caps  the  ridge  upon  the  western  side  of  Matanzas  bay,  and  consti- 
tutes much  of  the  case-hardened  roadway  on  the  ridge.  At  the  summit 
of  the  ridge,  crossed  by  the  road  from  Matansas  to  Corral  Nuevo,  the 
lower  part  of  the  Matanzas  series  is  composed  of  fine,  soft,  calcareous, 
mealy  powder,  with  little  or  no  siliceous  matter,  but  it  contains  water- 
worn  pebbles  of  the  older  Tertiary  limestones.  These  materials  rest  un- 
conformably upon  the  eroded  surfaces  of  the  older  Tertiary  limestones. 
This  series  the  writer  has  denominated  Matanzas  formation,  as  a  distinctive 
name  is  necessary.  The  appellation  of  ''  white  limestone  "  has  been 
given  to  the  same  formation  in  the  other  parts  of  the  West  Indies,  but 
it  is  also  used  for  both  Eocene  and  Miocene  deposits.  Again,  the  forma- 
tion has  been  confused  with  coral  reefs  and  other  coastal  limestones. 
The  section  at  Matanzas  lies  unconformably  upon  fossiliferous  Miocene 
beds  and  unconformably  beneath  the  modern  raised  coral  ree&  of  the 
coast.  Much  of  both  the  cities  of  Matanzas  and  Havana  rest  upon  this 
Matanzas  formation,  and  the  material  is  used  for  building  purposes. 

The  Matanzas  formation  partly  filled  the  Yumuri  valley  after  the 
erosion  following  the  deposition  of  the  Miocene  limestones.  Beneath 
the  Montserrat  church  and  resting  unconformably  upon  Ek)cene  strata 
(for  the  Miocene  had  been  remov^  in  the  excavation  of  the  valley)  the 
marls  were  found  to  contain  a  considerable  number  of  fossil^.  The  spe- 
cies of  those  determined  are  modern  in  types.  A  few  small  corals  were 
not  determined.  The  shells  were  kindly  identified  by  Mr  Charles  T. 
Simpson,  of  the  Smithsonian  Institution.    The  marine  shells  are— 

Strombus  pugUiSj  Lin.  Area  holmeti^  K.  and  St. 

Massa  vibex  (7),  Say.  Area  americana,  Gray. 

TectaritJts  muricatuSf  Lin.  Per  ma  ephippus  (?),  Lin. 

Lucina  tigrina,  L.  Venus  cancellatuBf  Lin. 

Lucina  jamaicensis,  Lam'k.  Ostrea  virginicaf  Gm. 

A  few  land  shells  were  also  present,  some  of  which  had  been  washed 
into  the  sea,  in  which  the  other  shells  were  living.  They  belong  to  the 
following  species : 

PleurodorUa  ariricomaf  Fer.  Chondropoma  pfeifferian^m^  Poey. 

Helix  bonplandi,  Lam'k.  Chondropoma  dentatum,  Say. 

Liquus  fcucialuSf  Mul.  Ctenopoma  ruguloaus,  Pf. 

Oylindrella  lavaUeana,  Orb.  Magalomastoma  bicolorf  G'l'd. 

Macroceramus  turricutaj  Pf.  Helicina  mbmarginaia  (7),  Poey. 

Strophia  incramUif  Reeve.  Helicina  zephyrina,  Duel. 
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These  shells  were  found  at  an  elevation  of  150  feet  above  the  sea,  but 
the  formation  occurs  to  an  altitude  of  perhaps  450  feet. 

In  the  region  of  Sagua  le  Grande  small  remnants  of  the  Matanzas  lime- 
stone are  found  resting  upon  the  upturned  and  eroded  surfaces  of  the 
older  formation,  notably  the  Tertiary  strata.  This  character  extends 
into  the  interior  of  Cuba. 

In  the  region  of  Cienfu^os  the  Damuji  flows  through  a  valley  bounded 
by  hills  80  feet  high.  At  Abreus,  on  that  river,  the  formation  is  a  chalky 
limestone.  Farther  up  the  valley,  at  the  Santa  Lucia  brook,  Mr  Mathew 
found  a  deposit  of  buff-colored  marl  containing  remains  of  olive-bark 
tree,  two  mangroves,  a  fern,  a  palm,  etcetera.  However,  the  formation 
in  this  vicinity  is  very  much  concealed  by  tierra  negra.  West  of  Damuji 
the  erosion  has  exposed  white  pyramids  of  the  formation  standing  out 
in  strong  contrast  to  the  overlying  red  loams. 

In  the  vicinity  of  Cienfuegos  the  Matanzas  limestones  are  most  promi- 
nent in  the  plateau  ridge  which  separates  the  bay  from  the  sea.  This 
plateau  is  about  two  miles  wide  and  100  or  150  feet  high  and  extends 
for  many  miles  as  a  coastal  terrace.  Along  the  canyon  which  forms  the 
outlet  of  the  bay  the  strata  dip  at  2**  or  4°  southward.  The  terrace  is 
shown  in  figure  6. 


PiOUX-B  6.-~View  of  Terrace  {Matanzas  Limestones)  at  Entrance  to  Xagua  Bay. 

The  fort  is  situated  on  this  terrace,  with  Trinidad  mountains  in  the  distance,  viewed  from 

the  west.    (After  Hydrographic  Office  chart.) 

In  the  region  of  Trinidad  the  Matanzas  limestones  fill  the  hollows  in 
the  8urfax;e  of  the  older  Tertiary  rocks  which  form  the  baselevel  plain, 
from  175  to  200  feet  above  the  sea,  upon  which  the  city  is  built.  Near 
the  mouth  of  the  San  Luiz,  which  enters  the  sea  three  miles  from  the 
city,  corals  aggregated  in  colonies  are  common  in  the  limestone  ridge 
which  occurs  just  back  of  the  coast.  The  Matanzas  limestones  are  not 
known  to  exceed  a  thickness  of  about  150  feet  nor  to  rise  higher  in  Cuba 
than  450  feet  above  the  sea.  The  dip  is  everywhere  at  low  angles  toward 
the  coast. 

The  !irlatanzas  formation  is  provisionally  included  with  the  Pliocene 
system,  so  that  it  would  form  its  last  member  if  all  of  the  earlier  were 
not  wanting  in  Cuba.  This  classification  is  based  upon  physical  con- 
siderations, as  there  is  no  sharp  paleontologic  grounds  for  separating 
the  Pliocene  invertebrata  from  the  Pleistocene.    The  long  succession  of 

XII— BiTLL.  Gkol.  Soc.  Am.,  Vol.  7,  1895. 
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events  following  the  Matanzas  epoch  seems  to  justify  the  classification, 
and,  further,  it  is  in  accord  with  that  which  places  the  Lafayette  of  the 
continent  at  the  close  of  the  Pliocene,  for  the  loams  of  the  southern 
states  and  the  limestones  of  Cuba  occupy  the  same  geomorphic  position. 
On  the  continent  the  loams  were  derived  from  the  enormous  supply  of 
the  residual  soils,  but  in  Cuba  there  were  few  islets  left  above  the  sea  to 
supply  mechanical  material  to  the  Matanzas  formation. 

OBOGRAPBIC  FEA  TUBES  OF  THE  PLIOCENE  PERIOD. 

Already  references  have  been  made  to  the  enormous  erosion  preceding 
the  deposition  of  the  Matanzas  limestones,  producing  a  degradation  far 
greater  than  any  since  the  pre-Cretaceous  times.  The  pre-Matanzas  de- 
nudation in  Cuba  is  in  keeping  with  that  of  the  pre-Ijafayette  epoch  of 
the  continent,  where  during  the  epoch  of  the  great  erosion,  valleys  several 
miles  in  width  and  hundreds  of  feet  in  depth  were  excavated  out  of  the 
often  incoherent  formations,  ranging  from  the  lower  Cretaceous  to  the 
upper  Miocene  strata.  In  short,  the  Pliocene  period  was  one  of  general 
elevation  of  the  land.  This  is  shown  in  the  Havana  valley,  where  the 
Tertiary  limestones  were  in  many  places  completely  removed  before  the 
Mat^'Uzas  subsidence.  The  Yumuri  valley  at  Matanzas  city  illustrates 
the  Pliocene  erosion.  It  was  excavated  out  of  Eocene  and  Miocene  lime 
stones  to  a  depth  of  about  400  feet  and  a  width  of  three  miles,  and  was 
afterward  partly  filled  with  the  Matanzas  formation,  of  which  fragments 
only  now  remain  in  the  valley  (see  figure  12,  page  92).  The  work  of 
denudation  was  not  that  of  a  large  river,  but  of  the  warm  tropical  rains 
and  rills  whose  efficiency  upon  the  porous  calcareous  rocks  and  sands 
far  exceeds  that  suspected  by  one  who  has  not  visited  the  tropics.  The 
amount  of  denudation  is  seen  in  all  the  large  valleys  and  over  the  plains 
of  central  Cuba,  where  the  Matanzas  formation  occupies  the  hollows  pro- 
duced by  the  earlier  Pliocene  erosion.  From  the  extent  of  erosion,  evi- 
dently removing  great  ridges,  and  the  structure  of  the  valleys,  the  con- 
clusion is  formed  that  the  duration  of  high  elevation  lasted  for  a  long 
time,  and  that  the  altitude  was  great,  probably  sufficient  to  excavate 
great  valleys,  but  their  great  depth  now  submerged  was  only  completed 
during  the  next  period  of  erosion.  With  the  following  subsidence  to  400 
feet,  more  or  less,  only  a  few  small  islands  remained.  Indeed,  from  the 
study  of  the  geomorphy  it  would  appear  that  the  mountains  then  rose 
to  much  more  moderate  elevations  above  the  sea  than  at  the  present  time. 

Pleistocene  History. 
zapata  formation. 

To  the  series  of  red  loams  and  water-worn  gravels  which  succeed  the 
Matanzas  the  writer  has  applied  the  name  2kipata  formation.    The  name 
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is  taken  from  the  extensive  low  peninsula  west  of  Cienfaegos,  which  is 
more  or  leas  covered  by  these  mechanical  accumulations.  The  best  sec- 
tions, however,  were  seen  near  Trinidad,  which  may  be  taken  as  examples. 

The  Zapata  gravels  are  water-worn  and  composed  of  quartz  pebbles 
from  one  to  two  inches  in  diameter,  and  in  proximity  to  the  Trinidad 
mountains  there  are  also  limestone  pebbles  associated  with  the  quartz. 
The  thickness  of  the  beds  are  as  much  as  eight  or  ten  feet,  and  this  de 
posit  is  surmounted  by  red  loams  varying  from  one  to  ten  feet  in  thick- 
ness. The  loams  sometimes  predominate  and  form  one  undivided  bed. 
In  other  places  laminations  of  gravel  occur  in  them.  Occasionally  the 
whole  formation  is  reduced  to  a  few  feet  in  thickness,  but  where  filling 
older  erosion  hollows  it  may  greatly  exceed  the  normal  15  or  20  feet. 
Where  the  gravel  is  not  apparent  it  is  often  difficult  to  distinguish  the 
loams  from  the  red  and  similar  appearing  soils  resulting  from  the  solution 
of  the  calcareous  matter  out  of  the  Tertiary  limestones.  The  formation 
so  closely  resembles  the  Columbia  of  the  southern  coastal  plains,  described 
by  Mr  W  J  McGee,*  that  their  origin  is  apparently  similar.  The  loams 
are  derived  from  the  residual  soils  produced  by  the  decomposition  of  the 
Tertiary  limestones,  and  most  of  the  gravels  are  those  obtained  from  the 
remains  of  the  Miocene  formation.  The  loams  are  very  rich  in  pellets  of 
iron  oxides. 

Over  the  Zapata  peninsula  the  formation  is  widespread,  but  owing  to 
the  absence  of  deep  ravines  the  sections  are  not  seen  as  well  as  on  the 
higher  land  near  Trinidad,  where  it  occurs  up  to  an  elevation  of  240  feet. 

The  Zapata  formation  rests  upon  the  greatly  eroded  surfaces  of  the 
Matanzas  and  other  earlier  formations.  Thus  it  closes  the  old  Xagua  bay 
outlet,  to  be  described  later.  To  this  formation  apparently  belong  the 
sands  and  gravels  up  to  10  or  15  feet  above  the  Damuji  river  entering  the 
Xagua  bay.  From  them  Mr  Mathew  collected  the  following  fossils,  all 
of  which  are  living  species : 

Murex  brerifrons.  Modulus  lenticularis,  Mytilus  sp. 

Strombtu  gigas.  CerUherium  verticolor,  Venus  cancdUUa, 

Shrombtts  ptigilis.  CerUherium  mUgcUum.  Luciria  cosUUa. 

Pgrula  melongena.  Bulla  striata.  Lucina  tigrina. 

Neriia  texsallata.  Ostrea  sp.  Lucina  jamaicensis. 

Neritinea  virginea.  Pema  oUiqua.  Asaphis  rugosa. 

West  of  Abreus,  and  also  on  the  road  to  Caunau.  the  soils  derived 
from  the  Zapata  series  were  found  to  contain  a  few  fossils  of  living  species. 

In  the  vicinity  of  Yaguaramas  the  Zapata  peninsula  has  an  elevation 
of  about  100  feet  above  the  sea,  and  much  of  the  poor  surface  soil  consists 

*The  Lafftyette  PormatioD  :  Twelfth  Aonual  Report  U.  S.  Geological  Survey,  1892,  pp.  347-621. 


86  J.  W.  SPENCER — GEOGRAPHICAL   EVOLUTION  OF  CUBA. 

of  the  Zapata  series.    Indeed,  some  of  the  low  and  poor  country  between 
Colon  and  Santo  Domingo  apparently  belongs  to  this  formation. 

The  resemblance  of  the  gravels  to  the  similar  formations  in  the  south- 
ern states  was  noted  by  Mr  Mathew,  who  saw  the  likeness  to  Hilgard's 
orange  sand  long  before  it  was  differentiated  into  the  several  members 
now  known. 

Along  the  Sagua  le  Grande  river,  near  the  city  of  the  same  name,  rest- 
ing upon  the  eroded  surfaces  of  the  Matanzas  and  other  Tertiary  lime- 
stones, there  are  about  20  feet  of  impure  sand  and  fine  gravel  and  some 
layers  of  pebbles,  the  whole  forming  the  floor  of  an  extensive  plain.  In 
places  the  layers  are  horizontal,  but  in  others  the  beds  dip  at  low  angles 
toward  the  northeast.  These  beds  appear  to  be  equivalent  to  those  at 
Cienfuegos. 

In  the  Yumuri  valley,  west  of  Matanzas,  beds  of  the  gravel  were  seen 
at  several  places,  but  not  at  any  altitude  above  100  feet.  These  surface 
deposits  also  occur  at  Havana. 

OBO&BAPHIC  FEATURES  OF  THE  PLEISTOCENE  PERIOD. 

The  old-fashioned  method  of  reading  the  history  of  the  earth  by  the 
succession  of  the  coats  of  the  geologic  onion  has  been  followed,  but  the 
more  important  history  is  that  recorded  in  the  breaks  and  unconformities. 
When  these  are  studied  over  large  areas  we  find  very  broad  valleys  which 
have  since  been  filled  by  the  later  deposits.  In  the  Havana  valley,  in 
the  Yumuri  valley,  and  over  the  plains  of  central  Cuba  there  is  abundant 
evidence  of  the  enormous  degradation  to  which  the  island  has  been  sub- 
jected, for  valleys  several  miles  in  width  have  been  excavated  since  the 
Matanzas  epoch,  even  to  depths  of  hundreds  of  feet.  Thus  the  Yumuri 
valley  was  reexcavated  during  the  early  Pleistocene  elevation  to  its  origi- 
nal or  greater  size.  These  valleys  continue  into  the  fiords,  such  as  that 
of  Matanzas  bay,  which  have  been  excavated  or  reopened  since  the 
Matanzas  epoch.  Other  examples  of  the  post-Matanzas  erosion  are  seen 
in  the  formation  of  the  bays  of  Cienfuegos  (see  figure  10,  page  91)  and 
Santiago  (see  figure  9,  page  90).  The  Cienfuegos  harbor  was  formed  be- 
tween the  close  of  the  Matanzas  epoch  and  that  of  the  deposition  of  the 
Zapata  loams.  All  of  these  valleys  show  the  great  elevation  when  the 
fiords  were  reopened  upon  the  removal  of  the  Matanzas  beds  which  partly 
filled  them.  This  elevaton,  as  shown  by  the  Cuban  fiords,  alone  suggests 
a  late  altitude  of  more  than  7,500  feet,  as  seen  in  the  gulf  of  Cazones. 

In  the  subsidence  from  the  high  altitude  there  was  rest  long  enough  to 
form  the  baselevel  terraces  underlying  the  Zapata  formation  at  Trinidad, 
at  Matanzas  and  the  plains  of  the  central  part  of  the  island.  The  Zapata 
subsidence  is  not  known  to  have  exceeded  240  feet  below  the  present  level, 
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60  that  while  Cuba  was  reduced  in  size  it  was  not  so  dismembered  as  in 
the  Matanzas  epoch  of  subsidence. 

The  elevation  of  the  island  succeeding  the  formation  of  the  Zapata 
loams  and  gravels  appears  to  have  reached  about  200  feet  above  the 
present  altitude,  thus  enlarging  the  Cuban  mass.  This  elevation  is  in- 
ferred by  the  depth  of  the  canyons  which  form  the  outlets  of  the  harbors 
and  extend  across  the  slightly  submerged  coastal  shelves.  During  this 
epoch  of  elevation  the  amount  of  erosion  was  considerable,  but  it  did  not 
exceed  more  than  from  one-fifteenth  to  one-fiftieth  of  that  of  the  pre- 
Zapata  epoch. 

Another  subsidence  followed  the  excavation  of  the  outlets  of  the  har- 
bors, carrying  the  island  down  to  depths  necessary  to  allow  the  forma- 
tion of  the  terraces,  and  during  the  subsequent  rise  the  building  of  the 
modem  coralline  reefe;  but  these  two  subjects  will  be  considered  by 
themselves. 

Terraces,  Sea-caves  and  Rifts. 

north  coast  of  the  island. 

The  most  elevated  terraces  seen  are  those  on  Pan  de  Matanzas,  carved 
out  of  the  Tertiary  limestone  at  an  elevation  between  1,000  and  1,100 
feet  above  tide,  as  shown  in  figures 
7  and  8.  The  summit  of  the  moun- 
tain ridge  rises  to  1,277  feet.  At 
al>out  700  feet  there  is  another  con- 
s[)icuou8  terrace,  and  between  350 
and  400  feet  the  low  divide  between 
the  peaks  corresponds  to  another 
water-level.  The  highest  terrace  is  strongly  marked  on  the  northern 
side  of  the  more  western  mountain.  At  the  level  of  the  terraces  there 
are  also  sea-caves  and  occasional  rifts  (see  a,  figure  8)  or  narrow  ravines 
through  the  ridge  which  may  not  be  more  than  a  few  hundred  yards 

across.  The  deep  depression  be- 
tween the  Pan  and  the  western 
ridge  has  been  broadened  by  late 
current  action.    There  are  many 

¥iGXJWi^^.— Pan  de  Matanzas  from  the  North.     fiUCh   riftS,    and    they    mark    tide- 
Showing  terraces  and  sea-caves  (the  dark     level   aS    plainly    as    the    tcrraCCS 
spot.)  and  rifts  at  a  and  c.  ^^^^^^  ^^^  deserted  shorCS. 

On  both  sides  of  the  ridges  there  are  baselevel  plains  at  about  400  feet^ 
and  out  of  that  on  the  northern  side  of  the  Pan,  the  Yumuri  valley  was 
excavated.  These  baselevel  plains  are  of  more  recent  origin  than  the 
Matanzas  epoch,  but  older  than  the  Zapata.    At  the  outlet  of  Matanzas 


PiGUKB  T.—Pan  de  Matanzas  from  the  South. 
Horizontal  and  vertical  scales  the  same. 
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bay  there  are  four  lower  terraces  inscribed  upon  the  rocks.  The  one  at 
about  25  feet  above  tide  is  the  most  strongly  marked. 

From  the  character  of  the  erosion  of  the  terraces  it  is  probable  that  all 
of  the  terraces  except  the  baselevels  are  of  age  more  recent  than  the 
Zapata  epoch,  but  there  is  room  for  possible  doubt  in  the  case  of  the 
highest  terraces. 

When  rifts  such  as  those  described  have  been  seen  in  northern  regions 
some  theorists  have  considered  them  evidences  of  glacial  dams,  but  the 
Cuban  rifts  are  simply  stream-made  ravines  deepened  and  widened  by 
sea  currents  breaking  through  the  depressions  during  oscillation  of  the 
land. 

SOUTH  COAST  OF  THE  ISLAND. 

The  baselevel  valleys,  from  800  feet  upward,  in  the  Trinidad  mountains, 
record  an  elevation  as  plainly  as  the  other  terraces.  They  have  been 
uplifted  so  recently  that  they  are  not  yet  penetrated  by  the  growth  of 
the  youthful  canyons  (see  figure  2,  page  69).  The  recent  terraces  have 
been  confused  with  the  frontal  plains,  such  as  those  at  Trinidad  and 
Santiago,  which  seem  to  be  the  product  of  wave  action,  modified  when 
at  baselevels  of  erosion.  This  most  important  plain  has  an  elevation  of 
about  100  feet  at  Cienfuegos,  200  to  240  feet  at  Trinidad  and  about  350 
feet  at  Santiago  (Kimball).  This  feature  antedates  the  Zapata  epoch, as 
that  formation  overlaps  the  plains.  However,  there  are  lower  terraces. 
At  Trinidad  there  is  a  sand  terrace  at  175  feet  and  another  at  50  to  6<J 
feet,  in  which  there  is  much  gravel,  and  both  of  these  shorelines  are  in- 
scribed upon  the  Zapata  series.  A  lower  limestone  terrace  occurs  at  an 
elevation  of  less  than  10  feet  in  this  part  of  Cuba.  Two  lower  terraces 
also  occur  at  175  and  14  feet  in  the  vicinity  of  Santiago  (Kimball).  In 
the  region  of  Baracoa  these  prominent  terraces  occur  at  about  500, 2(KHo 
250  and  30  feet  (Crosby).  Professor  W.  0.  Crosby  also  describas  baselevel 
plains  at  8(X)  feet,  and  on  II  Yuinqui  another  at  1,8(X)  feet.  The  bai^e- 
level  valleys  of  the  Trinidad  mountains,  at  altitudes  from  800  to  l.oCK) 
feet,  as  yet  incised  to  only  a  moderate  distance  by  canyons,  indicate  the 
recent  elevation  of  the  mountains. 

From  these  data  there  appears  to  have  been  considerable  oscillation 
during  recent  geological  epochs,  with  a  gentle  deformation,  raising  the 
southeastern  portion  of  Cuba  higher  than  in  the  central,  but  sufficient 
study  of  the  terraces  has  not  been  made  for  working  out  their  accurate 
hiator}',  such  as  whether  they  belong  to  one  or  two  epochs.  That  tlieir 
elevation  is  recent  is  shown  by  the  small  streams  having  lately  cut  can- 
yons everywhere  along  the  coast,  too  lately  to  have  been  transformed  int<» 
V-shaped  valleys. 
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Besides  the  epeirogenic  and  gentle  uplifts,  the  coast  ranges  of  Tertiary 
rocks  show  much  deformative  movements  since  the  end  of  the  Miocene 
period,  and  in  part  much  more  recent,  as  shown  by  the  character  of  the 
elevated  baselevel  valleys.  From  the  last  subsidence  Cuba  has  not  yet 
recovered,  as  the  canyons  forming  outlets  for  the  harbors  are  all  far  deeper 
than  could  be  formed  at  the  level  of  the  present  outflows.  To  these  sub- 
jects reference  is  again  made  on  page  90. 

Modern  coralline  LiA^stones  or  Reefs. 

The  slightly  submerged  portions  of  the  Cuban  mass  noted  on  page  69 
are  surmounted  by  coral  reefs  and  mangrove  islands.  The  most  common 
genera  of  corals  are  Meandrina,  Astrsea  and  Madrepora.  These  reefs  have 
been  brought  above  the  surface  of  the  sea  during  the  last  gentle  uplift, 
which  in  places  appears  to  be  still  in  progress.  These  raised  reefs  occur  to 
an  elevation  of  25  feet  at  Matanzas,  but  on  the  southern  coast  they  do  not 
rise  more  than  10  feet,  where  they  form  the  lowest  terrace.  The  coral- 
line rocks  are  fine,  earthy,  granular  limestones,  very  porous,  with  a  white 
or  stained  color,  and  do  not  show  bedding.  While  the  mass  is  composed 
of  corals,  there  are  very  few  or  no  moUusks  or  echinoderms  in  them. 
These  raised  reefs  have  a  structure  quite  unlike  the  Matanzas  limestones, 
which  contain  shells  and  only  occasional  masses  of  coral  where  fossils 
are  found.  The  reefs  form  only  narrow  fringes,  varying  from  a  few  to 
perhaps  200  yards  wide.  In  front  of  the  Trinidad  mountains  they  are 
absent,  but  the  terrace  is  there  present. 

Some  Erosion  Features. 

Very  large,  rounded  blocks,  having  the  appearance  of  erratics,  occur 
on  the  shores  of  Xagua  fiord,  but  they  are  composed  of  the  harder  rocks 
of  the  adjacent  shores,  rounded  by  the  action  of  the  waves,  and  stranded 
upon  the  waterjine.  In  many  places  north  of  Pan  de  Matanzas  and  in 
other  localities  there  are  boulders  of  Tertiary  limestone,  of  two  feet  or 
more  in  diameter,  resting  upon  the  residual  soil  which  conceals  the 
mother  rock,  but  they  appear  to  be  the  residual  masses  of  the  more 
durable  materials.  Opposite  Havana  the  decaying  diorite  gives  rise  to 
rounded  boulders  of  decomposition  which  resemble  erratics. 

In  the  Yumuri  and  Trinidad  valleys  and  elsewhere  there  are  rounded 
domes  or  hillocks  from  100  to  300  feet  high  with  the  outlines  of  northern 
dnimlins.  This  external  form  is  evidently  the  character  assumed  by 
the  incoherent  strata  subjected  to  atmospheric  influences,  irrespective  of 
latitude.  Again,  these  hillocks  form  chains,  with  the  outlines  of  the 
osar,  arising  from  the  unequal  erosion. 
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Rivers  deserting  their  old  courses  and  cutting  out  new  channels  U 
another  imitative  feature,  which  will  be  noticed  under  the  head  of  harbors. 

Rifls  across  ridges,  made  by  waves  opening  narrow  valleys,  have  already 
been  referred  to  on  page  87. 

Rock-basins  like  others  of  the  north,  and  produced  by  modem  fault- 
ing, also  occur.    They  are  illustrated  on  page  92. 

Harbors. 

A  few  harbors  such  as  that  of  Matanzas  are  simply  the  heads  of  deep 
bays  which  extend  out  into  fiords.  Others  are  the  products  of  corals 
building  reefs  leaving  shallow  lagoons.  A  few  are  closed  by  sandbars 
forming  hooks  such  as  that  of  Casilda,  the  port  of  Trinidad.  There  if 
another  class  of  harbors,  however,  which  are  very  common  throughout 
the  West  Indies ;  they  are  land  valleys,  often  of  considerable  magnitude, 
depressed  below  the  water-level  and  closed  by  rocky  barriers.  While 
their  breadths  may  be  great,  their  outlets  are  through  narrow  cany oiu> 
of  recent  formations.  Without  carrying  the  generalizations  beyond  those 
harbors  seen,  the  writer  will  offer  one  notable  example  for  future  study. 


Xagua  bay,  or  the  harbor  of  Cienfuegos,  is  the  united  continuation  of 
several  smaller  valleys  depressed  below  the  sealevel.  The  bay  is  about 
12  miles  long  and  from  three  to  four  miles  wide,  while  the  canyon  form- 
ing the  outlet  is  only  1,200  feet  wide  at  the  narrowest  point.  The  bay 
increases  in  depth  from  a  few  feet  to  about  120  feet  near  ita  ^ress,  but 
the  canyon  becomes  a  fiord  168  feet  deep  (see  figure  11).  The  south- 
western boundary  of  the  valley  and  also  the  plateau  separating  the  liay 
from  the  sea  are  composed  of  Matanzas  limesttmes  which  rise  to  100  or 
150  feet  above  tide.  Upon  the  northeastern  side  of  the  bay  the  land 
rises  gradually  and  is  underlaid  by  Miocene  clastic  deposits.  Thi.i  val- 
ley (now  the  bay)  was  excavated  by  atmospheric  erosion  after  the  Matan- 
zas  epoch  or  during  the  high  Pleistocene  elevation  already  described. 
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The  outlet  of  the  valley  continued  to  the  deep  outer  fiord  of  the  gulf  of 
Cazones  by  way  of  the  depressipn  north  of  the  now  closing  barrier  shown 
on  the  map  (see  figure  10),  and  in  a  direct  line  eastward  of  the  figure 
where  the  seacoast  sets  back 
and  forms  a  bay  into  which 
the  Arimao  river  empties.  In- 
deed, ^t  floods  there  is  a  low 
connection  by  which  small 
boats  can  still  pass  from  the 
bay  to  the  Arimao,  which  Mr 
Mathew  states  was  a  path  of 
retreat  for  the  pirates  of  two 
centuries  ago,  when  the  pas- 
sage appears  to  have  been 
deeper.  This  continuation  of 
the  Xagua  valley  was  closed 
and  is  now  occupied,  accord- 
ing to  Mr  James  Fowler,  by 
accumulations  of  the  red  Za- 
pata loams. 

From  the  Zapata  submergence  the  surface  of  the  land  in  rising  per- 
mitted the  waters  to  break  across  the  plateau  at  the  present  outlet  of  the 

bay,  and  with  the  continued  elevation  the 
canyon  was  formed ;  but  from  its  depth  there 
is  the  evidence  that  the  altitude  reached  150 
or  200  feet  above  the  present  level— a  feature 
noticed  at  the  outlet  of  many  of  the  bays 
and  the  rivers  which  everywhere  along  the 
coast  have  cut  out  just  such  canyons  as  that 
of  Xagua  before  entering  the  sea.  The  exca- 
vation of  the  outlet  of  the  bay  represents  the  post-Zapata  erosion.  Here 
the  canyon  is  about  two  miles  long,  1,200  feet  and  more  in  breadth,  with 
a  total  depth  of  nearly  300  feet. 


Figure  lo.— Xagua  Bay. 

There  1b  a  closed  depression  extending  from  the 
southeastern  end  of  the  bay  to  the  Arimao  river  and 
bay. 


Figure  ii. — Cross-section  of  Out- 
let  of  Xagua  Bay, 

Showing  the  canyon  and  fiord 
at  the  mouth  of  the  bay.  Horizon- 
tal and  vertical  scale  the  same. 


YuMURi  Rock-basin. 

On  the  northern  side  of  Pan  de  Matanzas  there  is  an  old  baselevel  plain, 
about  400  feet  above  the  sea,  having  a  breadth  of  some  five  miles.  Out 
of  this  plain  the  Yumuri  valley  is  excavated.  The  length  of  the  valley 
iif  about  six  miles,  with  a  breadth  of  about  two  and  a  half  or  three  miles. 
Its  depth  is  about  400  feet.  The  lower  portion  of  the  valley  is  a  plain, 
showing  flooding,  as  if  it  had  been  a  recent  lake  or  bay.    The  upper  part 

XIII— Bull.  Gkol.  Soc.  Ax.,  Vol.  7,  ISBfi. 
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PxouiLB  12.— Map  of  Yumuri  Valley. 
A  B^  position  of  section  shown  in  figure  13. 


of  the  valley  rises  in  the  form  of  an  amphitheater  made  by  rain-washes. 
Closing  this  valley  and  separating;  it  from  the  deep  Matanzas  fiord  there 
is  a  range  of  hills  about  a  mile  across  their  base.  This  eastern  end  of 
Yumuri  valley  is  divided  into  two  lobes  by  an  insular  hill,  shown  on  the 

map.  The  elevation 
of  this  barrier  ridge 
is  from  250  to  400 
feet,  and  its  longi- 
tudinal section  is 
shown  in  broken 
shading  in  figure  13, 
while  t|?e  form  of 
the  valley  is  seen 
bounded  by  solid 
shading.  The  re- 
markable feature  of 
the  outlet  is  its 
smallness,  for  it  is  a 
canyon  with  verti- 
cal walls,  the  ex- 
treme height  of  which  is  250  feet,  and  breadth  300  feet,  but  the  ridge 
slopes  upward  gently  on  both  sides,  producing  a  shallow  depression  in 
the  barrier  closing  the  valley  (see  figure  13).  There  is  a  second  shallow 
depression,  indicated  by  6,  figure  13,  the  two  depressions  (a  and  6)  cor- 
responding to  the  two  lobes  of  the  valley. 

The  contrast  between  the  modern  canyon,  forming  the  only  outlet  of 
the  valley,  and  the  magnitude  and  the  age  of  the  valley  are  most  striking, 
and  at  first  would  appear  difficult 
of  explanation  by  any  cause  that 
could  be  demonstrated,  but  in  ex- 
amining the  canyon  it  was  found 
that  the  older  Tertiary  and  late  Pli- 
ocene (Matanzas)  formations  were 
involved  in  the  most  recent  dis- 
turbances, and  that  there  had  been  a  fault  near  the  inner  side  of  the 
barrier  separating  the  valley  from  the  outer  bay  (see  figure  4,  page  76). 
This  fault  furnishes  an  adequate  explanation  for  the  basin,  and  its  verti- 
cal elevation  was  from  250  to  400  feet,  or  the  amount  of  elevation  of  the 
hollows  (a  and  6,  figure  13),  which  were  the  continuations  of  the  two 
lobes  of  Yumuri  valley,  as  shown  in  figure  12. 

The  character  of  the  valley  being  now  known,  the  remaining  question 
was  the  date  of  the  faulting.    That  it  was  long  after  the  Pliocene  times 
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IB  shown  by  the  involved  Matanzas  limestones,  which  were  eroded  from 
the  valley  before  the  elevation  of  the  closing  barrier.  This  movement 
turned  the  valley  into  a  lake-basin  until  it  could  be  drained  by  making 
its  new  outlet.  The  time  of  the  formation  of  the  canyon  was  the  same 
as  that  of  all  the  gorges  along  the  coast,  or,  as  has  been  shown  in  the  case 
of  Xagua  bay,  since  the  Zapata  epoch ;  that  is,  since  middle  Pleistocene 
days. 

Caverns. 

The  limestones  of  Cuba  are  frequently  very  much  perforated  by  caverns. 
The  rocks  are  often  completely  honeycombed  upon  their  surfaces  by  rains 
alone,  as  at  Trinidad.  Some  strata  are  more  cavernous  than  others,  but 
none  are  exempt  from  the  solvent  powers  of  the  tropical  rains.  Some 
of  the  caves  descend  below  sealevel.  Many  of  the  caves  are  large,  and 
some  of  them  have  formed  retreats  for  animals,  and  even  man,  as  some 
flints  and  pottery  were  found  by  the  writer  in  a  cave  at  about  360  feet 
above  the  sea  at  Trinidad.  There  were  also  a  number  of  shells  which 
had  been  washed  into  the  red,  cave  earth  (not  derived  from  the  walls  of 
caverns)  during  some  recent  subsidence,  or  else  have  been  carried  there 
for  human  food,  which  latter  is  suggested,  as  the  shells  are  mostly  broken . 
The  species  were  kindly  determined  for  me  by  Mr  Charles  T.  Simpson 

Mdongena  melongena^  Lin.  Area  noae^  Lin. 

Livonapicaj  Gm.  .  Lucina  jamaicensis,  Lam'k. 

Strotnl^Mf  gigas,  Lin.  MiftUun  hatnatus,  Say. 
Area  auricula f  Lam'k. 

In  the  same  cave  Mr  Frank  M.  Chapman  found  bones  of  an  extinct 
Capromya  (Jluiui),    The  cave  is  now  tenanted  by  bats. 

Summary. 

This  paper  treats  of  the  geological  history  of  Cuba  primarily  from  the 
geomorphic  standpoint,  as  recorded  in  the  great  valleys  of  erosion  during 
the  Pliocene  and  Pleistocene  periods,  and  their  extension  into  the  deep 
fiords.  These  physical  changes  are  summarized  in  the  form  of  the  fol- 
lowing table.  While  the  paper  was  mostly  written  as  a  preface  to  the 
*•  Reconstruction  of  the  Antillian  Continent,"  it  was  not  ready  for  pub- 
lication until  afterwards,  hence  the  comparison  between  the  geology 
of  Cuba  and  that  of  other  islands  of  the  West  Indies,  and  also  the  char- 
acter of  the  fauna  of  the  island,  have  been  considered  in  the  paper  already 
named. 
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Table  of  the  Geological  Suocemon  in  Cuba,* 


Systems. 


Modem 


Pleistocene 


Pliocene. 


Miocene  and  Eocene. 


Formations  and  their  Movements. 


Modem  coral  terraces ;  elevation,  10  to  30  feet. 

Formation  of  coralline  limestones ;  submergence,  10  to  30 
feet. 

Terraces :  A.  Lower  series ;  elevation  from  100  to  300  feet 

or  more. 
B,  Higher  series,  which  may  belong  to  tlie  same 
episode;  elevation  from  100  to  1,100  feet. 

Submergence  during  formation  of  terraces,  100  to  1,100  feet 


Cretaceous. 


Post-Zapata  elevation,  with  the  erosion  of  the  coastal  can- 
yons and  outlets  of  harbors,  etcetera ;  elevation,  100  to  200 
feet  or  more  in  the  mountains. 

Zapata  formation  (red  loams  and  gravels);  subsidence, 
100  to  240  feet. 

Pre-Zapata  depression,  with  the  formation  of  baselevel 
plains,  100  to  400  feet. 

Post-Matanzas  elevation ;  an  epoch  of  enormous  erosion  ; 
altitude  from  evidence  within  the  insular  mass  of  Cuba, 
over  7,500  feet;  general  physical  disturbances  slight,  but 
with  the  mountains  elevated  higher  than  in  the  earlier 
period. 


Matanzas  formation  (marly  limestones) ;  subsidence,  200 
to  400  feet. 

The  Pliocene  or  post-Miocene  elevation ;  an  epoch  of  enor- 
mous erosion ;  altitude  did  not  equal  that  of  the  poet- 
Matanzas,  which  last,  during  the  erosion  of  the  Matanzas 
limestones  from  the  poetrMiocene  valley,  removed  the 
Matanzas  formation  to  below  sealevel ;  general  physical 
disturbances  during  early  stage,  with  elevation  of  nx>nn- 
tains. 


Series  separated  only  in  some  localities ;  materials  mostly 
limestones  and  marls,  but  sands  and  conglomerates  occor 
in  part  of  the  Miocene ;  subsidence  during  formation  of 
limestones  from  750  to  2,800  feet,  with  intervening  oscil- 
lations. In  or  before  the  Miocene  period  there  appears 
to  have  been  local  depressions  to  abysmal  depths  during 
the  accumulation  of  radiolarian  earths. 

Post-Cretaceous  elevation;  general  altitude  moderate; 
physical  disturbances  general,  with  formations  of  low 
mountain  chains. 


The  formation  composed  of  sandstones  and  limestones; 
subsidence  widespread. 

Pre-Cretaceous  (?)  elevation  and  low  plains. 

Pre-Cretaceous  (?)  igneous  rocks  and  metamorphic  fonna- 
tions. 


*  Aititades  refer  to  elevation  above  or  depressions  below  sealevel. 
September,  1894. 
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Introduction. 
oenbral  description  of  the  region, 

The  apatite  region  of  Ottawa  county  comprises  the  area  included  be- 
tween the  lower  portions  of  the  Du  Lievre  and  Gatineau  rivers.  The 
chief  mining  districts  occur  in  Portland  and  Templeton  townships,  but 
deposits  of  greater  or  less  extent  are  found  over  nearly  the  whole  of  the 
area. 

The  region  lies  upon  the  southern  flank  of  the  Laurentian  axis,  and  is 
characterized  in  large  part  by  a  somewliat  rugged  topography.  For  some 
distance  north  of  the  Ottawa  river,  the  surface  is  comparatively  level 
but  this  feature  gradually  gives  place  to  hills  which  rise  to  a  height  of 
from  500  to  700  feet  above  the  level  of  the  adjacent  rivers.  The  hills  are 
covered  with  a  meager  soil,  and  the  forest  growth,  originally  limited,  has 
been  largely  swept  away  by  fires.  The  region  is  drained  chiefly  by  the 
two  rivers  mentioned  above,  which  flow  southward  into  the  Ottawa  river. 
These  streams  are  of  considerable  size,  have  swift  currents,  and  rapids 
'  frequently  occur.  Waterfalls  also  constitute  a  picturesque  feature  of 
these  streams.  High  falls,  on  the  Du  Lievre,  has  a  descent  of  about 
100  feet. 

The  country  between  the  streams  is  dotted  with  numerous  lakes,  which 
drain  through  small  streams  with  tortuous  courses  into  the  Du  Lievre  or 
the  Gatineau,  or  southward  into  the  Ottawa.  Those  lakes  are  extremely 
irregular  in  shape,  with  sharply  sinuous  shorelines,  and  often  contain 
small  islands. 

GEOLOGY  OF  THE  REGION. 

Character  and  classification  of  the  rocks. — In  order  to  arrive  at  a  proper 
understanding  of  the  nature  and  occurrence  of  the  ellipsoidal  syenite- 
gneiss  or  leopard  rock,  it  is  necessary  to  introduce  a  brief  description  of 
the  geology  of  the  region.  The  facts  upon  which  this  description  is  based 
have  been  obtained  chiefly  from  the  reports  of  the  Canadian  Geological 
and  Natural  History  Survey.* 


♦  We  are  indebted  chiefly  to  tiie  reports  of  Vennor  and  Harrington,  and  to  Professor  F.  D.  Adarop' 
account  of  tlie  typical  Laurentian  area  in  tlie  Journal  of  Geulogy,  vol.  i,  No.  4,  1893,  pp.  335-340. 
The  map  here  given  was  taken  from  that  accompanying  H.  G.  Vennor's  report  in  the  Annual  B.«- 
port  for  1878. 
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In  its  geological  structure  the  region  consists  of  alternating  bande  of 
gneiss,  crystalline  limestones  and  pyroxenic  rocks,  in  which  are  inter- 
Btmtified  a  number  of  zones  of  quartzites,  rust-colored  rock  or  fahlbands, 
and  several  horizons  of  magnetic  iron  ore.  These  rocks  all  belong  to  the 
Grenville  series,  the  uppermoiit  of  the  two  main  divisions  into  which  the 
Ijaurcntian  system  is  now  quite  generally  divided. 


Frauu  l.~T»t  Apalitt  Rttion  of  Ollawa  Onnlj-,  Canada. 

The  Grenville  series  includes  rocks  of  very  different  petrographical 
development  and  of  great  variability  in  mineralogic  composition.  "  In 
it  are  found  all  the  mineral  deposits  of  economic  value — apatite,  iron  ore, 
asbestos,  etcetera^ which  occur  in  the  I^urentian," * 

Apatite  is  found  quite  generally  throughout  the  series,  but  the  princi- 
Jial  workable  deposits  occur  in  a  belt  (see  IV,  figure  1)  of  rustrcolored 

■  Journml  of  GBOlogy,  lol.  1,  No.  *.  p.  ,127, 
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gneisses  and  pyroxenic  and  feldspar  rocks  above  the  Gatineau  limestone 
band  (III). 

As  shown  on  the  map,  in  the  region  between  the  Gatineau  and  Du 
Lievre  rivers  the  rocks  are  arranged  in  the  form  of  a  great  synclinal,  with 
Big  lake  marking  approximately  the  location  of  the  axis.  On  passing 
eastward  from  the  west  line  of  Ottawa  county,  therefore,  we  pass  over 
the  different  belts  in  ascending  order  until  we  reach  the  east  line  of  Den- 
ham  township. 

Lithohgical  characters. — The  gneisses  interstratified  with  the  limestones 
vary  much  in  character,  but  the  predominating  variety  consists  of  a  more 
or  less  reddish  orthoclase  and  grayish  white  quartz  with  little  or  no  mica 
and  sometimes  with  garnets.  It  is  usually  coarse  or  granitoid  in  struc- 
ture and  the  bedding  often  obscure,  though  in  places  it  contains  numer- 
ous beds  or  layers  of  quartzite  from  half  an  inch  to  a  foot  in  thickness, 
which  render  the  strike  of  the  rock  plainly  visible.  In  some  cases  the 
mica  is  abundant  and  the  gneiss  then  assumes  a  marked  foliated  char- 
acter. The  micaceous  gneisses  are  sometimes  garnetiferous  and  occa- 
sionally exhibit  the  texture  of  the  so-called  augen-gneiss. 

Quartzites  of  considerable  thickness  occur  now  and  then.  They  are 
often  white  and  glassy  and  in  places  contain  a  little  orthoclase.  These 
strata  are  frequently  traversed  by  dolerite  dikes,  some  of  which  are  of 
considerable  thickness. 

The  pyroxenic  rocks  associated  with  the  apatite,  and  by  Hunt*  called 
py  roxenites,  vary  considerably  in  their  characters.  Sometimes  they  con- 
sist almost  exclusively  of  pyroxene,  though  commonly  quartz  and  ortho- 
clase are  present.  Mica  and  apatite  are  of  frequent  occurrence,  and 
occasionally  minute  garnets  may  be  seen. 

HIOH  ROCK  DISTRICT, 

General  description. — High  Rock  mine,  the  locality  at  which  the  ma- 
terial for  this  study  was  obtained,  is  located  on  a  series  of  connected 
hills  situated  on  the  right  bank  of  the  Du  Lievre  river,  about  21  miles 
above  Buckingham.  The  openings  cover  in  all  about  600  acres  on  the 
tops  of  the  hills  which  extend  to  a  height  of  700  feet  above  the  level  of 
the  river.  They  are  reached  from  the  river  by  a  tramway  two  miles  long 
following  the  natural  slope  of  the  hill.  The  series  of  hills  trend  in  a  direc- 
tion south  30**  east  (magnetic).  The  openings  are  all  in  one  wide  belt  of 
pyroxenic  rock  having  a  strike  in  the  same  direction.  The  main  opening 
is  number  11,  the  entrance  to  which  is  on  the  west  side  of  the  hill  about 
180  feet  below  the  summit.  The  vein  in  which  this  pit  is  opened  has 
been  worked  at  several  places  along  the  side  of  the  hill.    Other  veins 


•  Geology  of  Canada,  1866,  p.  185.    Chemical  and  Geological  Essaya,  p.  206. 
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parallel  with  this  occur  along  the  top  of  the  ridge  and  have  been  worked 
at  various  points.  In  all  some  35  or  40  openings  have  been  made  on  this 
property. 

Geological  stnidure, — The  hills  are  made  up  of  quartzite,  pyroxenite, 
and  gneiss  in  belts  whose  direction  corresponds  with  that  of  the  ridge. 
The  apatite  occurs  in  veins  or  pockets  in  the  pyroxenite.  The  quartzite 
occurs  in  beds  standing  in  a  nearly  vertical  position  and  with  strike 
parallel  to  the  general  direction  of  the  ridge. 

The  pyroxenite  is  not  distinctly  banded,  though  occasionally  parallel 
lines,  which  have  sometimes  been  taken  to  represent  lines  of  stratifica- 
tion, can  be  traced  through  it. 

Stratified  and  massive  gneisses  are  reported*  as  often  seen  bordering 
the  hills  in  the  apatite  region,  but  they  were  not  made  the  subject  of 
study  at  High  Rock. 

The  rocks  all  dip  at  high  angles  (nearly  vertical),  and  are  cut  in  vari- 
ous directions  by  small  dikes. 

At  several  places  on  the  hill  bosses  of  feldspar  rock  appear  protruding 
through,  the  quartzites  and  pyroxenites,  and  expanding  at  the  surface. 
An  instance  of  this  is  seen  near  the  summit  in  front  of  the  office.  The 
feldspar  is  coarsely  crystallized,  of  a  lilac  color,  and  is  associated  with  a 
considerable  amount  of  augite. 

In  most  of  the  openings,  the  apatite  is  associated  with  a  reticulated 
feldspar  rock,  consisting  of  lumps  of  coarse  feldspar  (and  a  variable 
amount  of  quartz),  separated  from  each  other  by  thin  anastomosing  layers 
of  green  augite  and  a  small  amount  of  fine  grained  feldspar.  This  rock, 
which  it  is  the  chief  purpose  of  this  paper  to  discuss,  is  closely  associated 
with  the  coarse  feldspathic  rock  above  mentioned,  and  evidently  belongs 
to  the  same  rock  body.  In  places  it  has  a  distinctly  striped  gneissoid 
appearance.  In  general  it  is  composed  chiefly  of  an  alkali  feldspar  and 
augite,  with  a  comparatively  small  amount  of  quartz,  thus  presenting  the 
mineral  composition  of  an  augite-syenite.  As  the  rock  in  all  its  phases 
shows  more  or  less  evidence  of  dynamic  action,  it  is  properly  to  be  re- 
garded as  a  gneiss,  and  may  therefore  be  designated  as  an  augite-syenite- 
gneiss. 

Subdivisions  of  the  Syenite-gneiss. 

The  term  syenite-gneiss  is  here  used  to  include  a  peculiar  assemblage 
of  rocks  occurring  at  High  Rock  and  neighboring  mines,  among  which  is 
the  so-called  "  leopard  rock  "  or  **  concretionary  veinstone  "  of  the  Cana 
dian  geologists.    The  rock  presents  three  distinct  phases,  which  for  con- 

*  Penrose :  BuIletlQ  46,  U.  S.  Qeol.  Surrey,  p.  26. 
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venience  may  be  treated  separately,  though  they  belon);;  to  the  same  rock 
mass  and  grade  iitto  each  other  almost  imperceptibly.    They  are — 

Coarse  grained  syenite-gneiss. 

Ellipsoidal  syenite^neiss  (leopard  rock). 

Streaked  syenite-gneiss. 

Geologicae.  Occurrence  of  the  Rock. 

The  rock  here  described  occurs  in  the  form  of  dikes,  sometimes  culdng 
across  the  strike  of  the  inclosing  rocks  and  sometimes  intercalated  in 
them.  In  one  form  or  another  it  is  found  at  nearly  all  the  apatite  open- 
ings examined. 

At  the  top  of  the  hills  at  High  Rock,  about  20  rods  southenat  of  Ihe 
ofiice,  the  exposed  surface  consists  of  a  belt  of  pyroxenite  incIose<l  in 


FiGUHB  I  —Dikt  o/coaru  Syenilt^ntisi  cultiif  QuerliiU  and  P)iroxtnite. 
A  mu0  of  the  quartrite  U  inclosed  in  the  lycnitc    Th«  pyroxenite  appemn  as  a  dike  iuterciUtfll 

In  the  quaiUile. 

quartzite.  with  a  strike  of  south  30°  east  (magnetic).  At  one  point  there 
is  a  slight  linear  depression  covered  with  soil  transverse  to  the  strike  of 
the  rock,  which  evidently  represents  a  fault.  On  the  south  side  of  this 
depression  the  beds  of  quartzite  and  intercalated  pyroxenite  have  been 
shifted  about  two  feet  to  the  east.  On  the  north  side  both  pyroseniU' 
and  quartzite  are  cut  by  a  dike  of  coarse  grained  syenite  in  a  direction 
south  "iO"  eoat  (magnetic).    After  passing  the  supposed  fault-line  the  dike 
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beara  easterly,  parallel  with  the  bedding  of  the  quwizite..   These  rela- 
liona  are  shown  in  the  accompanying  sketch.  ■.  .■ 

The  dike  ia  about  a  foot  wide,  and  conaista  chiefly  of  coarsely  cryetal- 
lized  dark  grayish  or  purj)li3h  feldspar  (microcline),  with  grains, ii()d 
a^regates  of  augite  and  occasional  patches  of  quartz.  The  grain  is  quit^ 
uniform,  except  for  a  thickness  of  about  one  centimeter  next  the  walls, 
which  is  of  a  finer  grain  (number  132).  At  one  point  a  fragment  of  the 
quartzite  is  inclosed  in  the  syenite.     At  an  apatite  opening  southeast  of 


PlunkB  i.—fHltusitHi  of  Sxenile  in  l^iiit»ili  and  QHarltllr. 
Thclocality  isalanapitilepKoD  tbehlll.  BbouljorodiBoutheiilof  UieoKce.    ThcrniDt  face 
indicalH  the  nUtiom  ■>  shown  in  the  wall  of  Ihe  pit,  while  the  top  represenu  the  urface  n- 

this,  in  the  line  of  strike,  the  syenite  is  seen  cutting  the  pyroxenite,  as 
nhown  in  relief  in  flgure  3.  The  pyroxenite  has  been  broken  up,  and 
the  different  parts  intricately  involved  in  the  intrusive  mass.  At  this 
exposure  the  different  phases  shown  by  the  syenitic  rock  are  seen  grad- 
ing into  each  other.  In  some  parta  the  intruding  rock  is  of  a  coarse 
grained  character,  while  in  other  places  it  shows  the  elHpsoidal  structure, 
grading  finally  into  the  striped  gneissoid  rock.  At  one  point  in  the  wall 
of  the  pit  a  large  mass  of  the  pyroxenite  (^A,  flgure  3)  ia  in  contact  on  one 


■ 
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side  with  th^.cfoer^  grained  variety  (C),  while  on  the  other  {B)  there  ia 
an  exc^Jenl.  development  of  the  ellipsoidal  structure,  with  the  longer 
axo,t»/  tlxe  ellipaoidn  arranged  approximately  parallel  to  the  adjacent 
.t>tjtij\daries  of  tlie  pyroxenite.  The  latter  at  the  point  marked  A  showii 
.aiiinterlamination  with  apatite  such  jus  has  been  frequently  noted  in  the 
apatite  regions.* 

The  surface  exposure  shows  one  branch  {D-F)  of  the  syenite  intnision 
narrowed  and  curving.  At  D  the  ellipsoids  have  become  so  flattened 
and  attenuated  that  in  transverse  section  they  appear  as  parallel  bands 
of  reddish  white  feldspar  alternating  with  thin  stripes  of  augite.  At  f, 
however,  the  ellipsoidal  structure  again  appears  with  sharp  little  trenches 
surrounding  the  feldspathic  ellipsoids,  due  to  the  weathering  of  theint<'r- 
stitial  augite  layers  (number  139).     At  ^  a  branch  is  given  off,  which 


r 
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Figure  4. — Dike  of  coat sf  Syenite-gneiss  cutting  Pytoxeniie  and  inclosing  Ihrtions  {A)  of  the 

latter. 

consists  of  the  coarse  grained  syenite  rock,  with  no  indication  of  ellip- 
soidal or  banded  structure.  Other  portions  of  the  syenite  rock  niakt- 
their  appearance  at  the  surface  here  and  there  as  lenses  (G)  in  the 
pyroxenite. 

On  the  brow  of  the  hill  above  ])it  number  11  the  pyroxenite  is  cut  by 
a  dike  of  syenite,  a  foot  or  more  wide,  extending  from  north  10°  west  to 
south  10°  east. 

The  dike  dips  into  the  hill  at  a  slight  angle  with  the  vertical,  and  at 
one  point  gives  off  a  branch  ((*),  which  soon  wedges  out  in  the  pyrox- 
enite.    Fragments  of  the  pyroxenite  are  inclosed  in  the  syenite,  as  shown 

♦  W.  Boyd  DawkiuM:  Proo.  Manchester  Geol.  Soc,  IB84. 

NoTB.— The  rock8  referre<l  to  here  iire  represented  in  the  eolleotlon  by  tlie  followioR  number^. 

A  —  numherH  1U9. 1 10,  pyroxenite.  D  —  number  139,  ellipsoidal  t<nei«s,  weiitli«red. 

^  —  number  138,  ellipsoidal  syenite-gneiss.  £"=       "         140,  streaked  syeoile-gnelss. 

C~       "        133,  coarse  syenite-gneiss. 
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at  A,  The  intruded  rock  (number  164)  is  medium  to  coarse  grained,  but 
show8  a  finer  texture  in  the  narrow  passage  between  the  inclosed  masses 
of  [)yroxenite. 

At  number  11  opening  the  ellipsoidal  or  leopard  rock  occurs  in  abun- 
dance, and  constitutes  a  large  part  of  the  wall  in  places.  At  one  point 
in  the  face  of  the  wall  a  crystal  of  apatite,  six  inches  or  more  in  diameter, 
was  seen  inclosed  in  the  leopard  rock,  with  the  ellipsoidal  masses  dis- 
posed in  a  concentric  manner  about  it.  Examples  showing  the  same  re- 
lations between  more  or  less  crushed  apatite  and  the  leopard  rock  were 
frequent  in  the  refuse  of  the  dumps,  but  the  presence  of  crystallographic 
form  is  exceptional. 

At  various  places  on  the  hill  dome-like  masses  of  the  coarse  grained 
syenite  rock  appear  as  local  enlargements  of  the  dike.  One  of  these  near 
the  office  shows  fragments  of  pyroxenite  scattered  through  the  intrusive 
mass. 

These  observations,  which  may  be  duplicated  many  times  in  the 
vicinity,  are  sufficient  to  demonstrate — 

1.  That  the  coarse  grained  syenitic  rock,  the  leopard  rock  and  the 
streaked  gneiss  belong  to  the  same  rock-body ;  and, 

2.  That  this  body  represents  an  intrusion  of  syenite  later  than  that  of 
the  pyroxenite. 

An  interesting  feature  of  these  syenitic  rocks  is  their  remarkably  fresh 
condition.  This  appearance,  which  is  prominently  characteristic  of  the 
rock  in  the  hand  specimen,  is  also  shown  in  the  thin  section,  where  very 
little  evidence  of  decomposition  is  to  be  observed.  Epidote  and  chlorite, 
generally  common  as  decomposition  products,  are  rare  in  these  rocks. 

Meoascopical  Characters. 

COABSB  arSNITB-ONBISS. 

The  first  of  the  syenite-gneisses  consists  of  a  very  coarse  grained  mix- 
ture of  microcline  and  monoclinic  pyroxene  chiefly,  with  a  variable 
amount  of  quartz.  The  rock  is  divided  into  irregular  angular  blocks,  the 
largest  being  one  or  two  inches  across,  separated  by  thin  anastomosing 
sheets  of  granular  feldspar,  augite  and  quartz.  These  interstitial  areas  are 
sometimes  thick  enough  to  be  readily  traceable  in  the  hand  specimen. 
Many,  however,  are  scarcely  or  not  at  all  recognizable  megascopically, 
but  are  brought  out  with  distinctness  under  the  microscope. 

The  microcline  is  of  a  dark  gray,  often  purplish  color,  crystallized  in 
large  individuals,  frequently  from  one  to  two  inches  in  diameter.  The 
larger  cleavage  faces  show  a  slight  undulatory  surface,  with  variable  re- 
flection and  bright  pearly  sheen. 

XV— BuxA.  OiOL.  Soc  Amm  Vou  7,  1886. 
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An  analysis  of  the  microline  by  William  Hoskins,  of  Chicago,  gave 
the  following  results : 

SiO, 64 .  54 

A1,0, 20.55 

Fe,0, 45 

CaO 09 

MgO trace. 

Na,0 1.62 

K,0 10.78 

BaO 32 

Loss  by  ignition 49 

99.74 

The  pyroxene  is  of  a  dark  green  color,  and  occurs  both  in  well  formed 
prisms  and  as  irregular  aggregates  of  considerable  size.  The  prisms  are 
long  and  slender,  and  occur  chiefly  inclosed  in  the  microcline,  though 
they  are  associated  sometimes  with  the  quartz  in  the  granular  areas.  In 
the  latter  case,  however,  they  are  usually  shorter  and  sometimes  show 
evidence  of  breaking.  The  prisms  are  elongated  in  the  direction  of  the 
vertical  axis  and  have  a  very  nearly  equal  development  of  the  faces 
00  P  ^  (100),  00  P  o)  (010),  P  (110).  The  pyroxene  is  more  abundant 
in  places,  forming  aggregates,  inclosing  a  varying  amount  of  feldspar, 
pyrites,  and  titanite.  In  these  areas  the  pyroxene  is  coarsely  crystallized 
and  of  a  lighter  green  than  the  idiomorphic  individuals. 

An  analysis  of  the  crystals  inclosed  in  the  microcline  by  Mr  Hoskins 
gave  the  following  results : 

SiO, 49.79* 

AlA 2.93 

FeO 18.95 

CaO 21.76 

MgO 5.60 

Na,0 61 

K,0 36 

100.00 

The  analysis  shows  a  high  percentage  of  iron,  while  alumina  and  mag- 
nesium are  corres[)ondingly  low.  Taken  in  connection  with  its  physical 
characters,  the  analysis  seems  to  indicate  an  augite  closely  allied  to 
diallagc. 

Quartz  occurs  chiefly  in  nests  and  strings,  associated  with  the  inter- 
stitial granular  areas.  Titanite  is  present  as  grains  disseminated  through 
the  rock,  but  is  more  abundant  along  the  granular  areas.     A  tine  grained 

♦  The  per  cent  of  itilica  was  rendered  doubtfully  low  by  an  accident,  and  is  put  in  by  difference. 
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form  of  this  variety  is  represented  in  the  collection  by  two  specimens 
(numbers  128, 129),  which  are  quite  uniformly  granular  and  without  a 
distinct  gneissic  structure.  The  chief  constituents,  feldspar  and  augite, 
are  more  or  less  uniformly  distributed. 

ELLIPSOIDAL  SYBNITB-ONBJSS. 

In  the  second  phase  the  rock  consists  of  irregularly  ellipsoidal  or  ovoid 
masses  of  feldspar,  with  more  or  less  quartz,  separated  by  narrow  anas- 
tomosing partitions  of  green  interstitial  material,  in  which  there  is  some- 
times observed  a  slight  schistosity  parallel  to  the  surface  of  the  masses 
they  inclose.  This  is  sometimes  apparent  also  in  the  tendency  of  the 
rcxjk  to  cleave  at  the  contact  between  the  ovoid  lumps  and  the  interstitial 
material. 

The  ellipsoidal  masses  are  usually  more  or  less  elongated  and  arranged 
unifonnly,  with  the  longer  axes  lying  in  the  same  direction.  They  are 
of  all  sizes  up  to  two  or  three  inches  in  diameter  in  cross-section,  and 
several  inches  long.  The  grain  of  the  feldspathic  lumps  is  coarse  in  the 
more  spheroidal  forms,  but  becomes  finer  as  the  masses  become  more  and 
more  flattened  and  elongated.  They  are  composed  chiefly  of  feldspar, 
with  a  varying  amount  of  quartz  and  disseminated  grains  of  titanite, 
augite  and  apatite.  Larger  grains  of  feldspar  often  appear  in  the  more 
flattened  forms,  inclosed  in  the  finer  grained  mixture.  The  interstitial 
material  is  of  finer  texture  than  these  ellipsoidal  masses,  and  seems  to 
be  composed  chiefly  of  pyroxene,  along  with  finely  granular  feldspar  and 
some  quartz.  The  interstitial  material  sometimes  has  the  appearance  of 
two  layers  of  pyroxene  separated  by  a  thin  light  colored  lamina  feld- 
spathic in  character.  In  many  cases  these  are  seen  to  represent  the 
wedging  out  of  the  ellipsoidal  feldspathic  masses.  Often  the  thin  seam 
of  feldspathic  material  between  two  adjoining  ellipsoids  is  found  to  be 
directly  connected  with  the  small  masses  of  feldspar  occupying  the  angu- 
lar space  between  three  or  more  ellipsoids.  Sometimes  the  lumps  are 
flattened  to  thin  lenticular  or  disk-like  forms,  which  may  be  bent  or 
folded  so  as  to  partially  enwrap  or  inclose  adjoining  lumps.  As  these 
flattened  lumps  become  thin  they  wrap  about  the  larger  ellipsoids,  so  that 
when  the  rock  breaks  across  them  the  constituents  appear  to  have  a  con- 
centric arrangement.  In  some  cases,  however,  the  concentric  arrangement 
could  not  be  traced  directly  into  connection  with  the  flattening  of  the 
feldspathic  masses.  The  interstitial  bands  are  composed  chiefly  of  dark 
green  pyroxene,  in  grains  often  elongated  parallel  to  the  vertical  axis, 
along  witfi  more  or  less  finely  granular  feldspar.  The  pyroxene  grains 
often  lie  with  their  longer  axes  transverse  to  the  pyroxene  band,  with 
their  ends  projecting  into  the  feldspathic  areas,  thus  presenting  somewhat 
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the  appearance  of  a  radiate  structure.  Usually  a  thin  layer  of  the  feld- 
spar adjoining  the  pyroxene  bands  is  finer  grained  than  the  main  part  of 
the  lump,  but  in  dome  cases  one  or  more  large  grains  of  microcline  will 
appear  to  lie  directly  against  the  pyroxene  band.  On  close  inspection, 
however,  they  will  be  found  to  be  separated  by  a  very  thin  layer  of  fine 
grained  feldspar.  A  mass  of  the  rock  will  sometimes  show  a  thin  seam 
of  the  light  colored  constituent  cutting  across  both  pyroxene  layers  and 
feldspathic  ellipsoids.  In  may  be  traced  across  the  latter  by  its  lighter 
color  and  finer  grain.  In  specimen  150  a  seam  of  this  character  cuts 
entirely  through  the  block,  and  apparently  represents  a  fracture  which 
has  been  recemented  by  subsequent  crystallization. 

The  interstitial  filling  weathers  more  readily  than  the  ovoid  masses, 
leaving  sharp  little  trenches  surrounding  these  on  exposed  surfaces. 

Beginning  with  a  somewhat  flattened  ellipsoidal  form,  the  feldspathic 
masses  become  more  and  more  flattened  in  one  direction  and  extended 
in  a  direction  normal  to  it.  With  this  flattening  of  the  ellipsoids,  the 
pyroxene  shells  become  thinner  and  arrange  themselves  more  and  more 
in  parallel  bands  until  the  ellipsoidal  structure  is  more  or  less  com- 
pletely lost,  and  in  its  place  there  occurs  a  striped  gneissoid  rock  consti- 
tuting the  third  phase.  On  cross-fracture  the  pyroxene  layers  of  the 
latter  are  seen  to  coalesce,  clearly  indicating  its  relationship  to  the  ellip- 
soidal rock.  Where  the  rock  incloses  large  crystals  or  masses  of  apatite 
the  ellipsoidal  lumps  arrange  themselves  more  or  less  concentrically 
about  the  inclosure,  a  feature  which  is  characteristic  also  of  the  bands 
of  pyroxene  and  feldspar  in  the  succeeding  phase.  This  is  well  shown 
in  specimens  137, 146, 148, 154  and  158. 

STREAKED  SYENITE-QNEISS. 

As  the  ovoid  masses  become  more  flattened  and  disk-like  the  augite 
layers  arrange  themselves  in  parallel  bands,  alternating  with  the  thicker 
feldspathic  layers.  Moreover,  there  ie  a  marked  diminution  in  the  size 
of  the  grains,  while  quartz  becomes  relatively  more  abundant  Here  and 
there  areas  appear  which  are  coarser  grained,  and  in  these  the  pyroxene 
is  less  abundant,  and  is  disseminated  in  grains  and  small  masses  instead 
of  being  aggregated  into  layers.  There  is  also  observed  occasionally  in 
the  fine  grained  gneissoid  rock  largo  grains  of  feldspar,  which  sometimes 
inclose  grains  of  pyroxene.  The  masses  of  apatite  inclosed  in  the  rock 
vary  in  size  from  a  few  inches  to  a  foot  or  more  across,  and  around  them 
the  bands  of  pyroxene  and  feldspar  curve  concentrically.  The  apatite  is 
crushed  in  part  or  wholly  to  a  granular,  saccharoidal  condition.  Num- 
ber 145  shows  a  portion  of  such  an  apatite  mass  in  connection  with  the 
adjoining  rock.    The  latter  is  rather  fine  grained  and  is  striped  with 
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pyroxene  and  feldspar  for  a  space  of  10  centimeters  from  the  apatite, 
beyond  which  it  is  coarser  grained  and  without  the  streaks  of  augite.  In 
this  part  the  pyroxene  is  much  diminished  in  amount  and  occurs  only  in 
small,  scattering  aggregates  and  grains.  Immediately  next  to  the  apatite 
is  a  layer  of  feldspar,  from  }  to  1  centimeter  thick,  and  much  coarser 
in  grain  than  the  succeeding  bands.  Moreover,  the  apatite  mass  is  inter- 
sected b}'  several  thin  veins  of  feldspar  and  quartz,  continuous  with  that 
of  the  surrounding  layer.  These  seams  vary  in  width  from  2  millimeters 
to  5  millimeters,  and  vary  proportionally  in  the  size  of  grain.  At  one 
point  a  grain  of  feldspar  occupies  the  full  width  of  the  seam.  The 
ai>atite  is  granulated  on  the  outer  surface  of  the  mass,  while  the  remain- 
ing portion  is  irregularly  fissured  and  broken,  though  not  completely 
crushed. 

In  number  155  the  layers  are  sharply  plicated,  and  the  augite  and  feld- 
spathic  constituents  intermingle  to  a  greater  extent  than  in  those  with 
straight  layers,  thus  partially  obscuring  the  banding. 

MicROSCJOPicAii  Description. 

COARSE  SYENJTE-QNEISS. 

Specimen  number  127  (129)  consists  of  coarsely  crystallized  microcline 
and  a  monoclinic  pyroxene,  with  quartz,  titanite,  apatite  and  pyrite  as 
accessory  constituents.  Occasionally  a  small  prism  of  tourmaline  is  ob- 
served. 

The  microcline  is  of  a  dark  gray  color  and  occurs  in  large  grains  inclos- 
ing numerous  well  formed  prisms  of  augite,  usually  long  and  slender. 

The  rock  is  intersected  in  various  directions  by  granular  bands  which 
separate  the  mass  into  angular  lumps  of  various  sizes.  These  intersti- 
tial bands  are  usually  thin,  but  become  somewhat  thicker  in  places,  and 
consist  chiefly  of  finely  granular  feldspar,  quartz  and  augite.  The  quartz 
appears  usually  in  connection  with  these  granular  bands,  sometimes  in 
aggregates  of  considerable  size.  Th&se  interstitial  seams,  therefore,  con- 
stitute a  rather  obscure  network  of  fine  grained  feldspar,  pyroxene  and 
(juartz,  inclosing  varioas  masses  of  coarse  microcline  and  augite.  The 
augite  in  the  quartz  areas  occurs  both  as  grains  and  prisms.  The  latter, 
however,  are  usually  shorter  than  those  inclosed  in  the  microcline,  and 
present  less  well  defined  crystallographic  outlines.  Sometimes  two  short 
prisms  of  the  same  size  may  be  seen  lying  end  to  end,  but  not  quite  in 
the  same  straight  line.  The  idiomorphic  individuals  are  elongated  in 
the  direction  of  the  vertical  axis,  and  show  a  very  nearly  equal  develop- 
ment of  the  faces  oo  P  o5  (100),  oo  P^oo  (010),  P  (110). 

Section  129,  cut  transveree  to  the  granular  band  seen  in  the  hand  speci- 
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men,  shows  this  area  to  be  made  up  of  small  angular  and  rounded  grains 
of  microcline,  between  which  in  places  there  is  a  small  amount  of  feld- 
spar similar  to  that  forming  the  microperthetic  intergrowth  observed  ia 
the  large  microcline  grains,  and  which  is  probably  albite.  Quartz  app«an 
in  irregular  elongated  grains  here  and  there  along  the  granular  areas.  It 
has  crystallized  sharply  against  the  adjoining  constituents,  fitting  closely 
into  their  sinuous  outlines.  Some  grains  are  long  and  irr^;ularin  shape. 
while  others  which  appear  similar  are  resolved  in  polarized  light  into 
two  or  more  grains  having  slightly  difiisrent  orientations.     Rows  of  fluid 


FiGOKB  i.—S/cliBn  Tranivertt  la  granntar  Saudi  in  Ike  caarte  SytnUe-tntiit. 
Showing  Bugite  crysUl  broV 
M  —  micro 

inclusions  frequently  extend  uninterruptedly  from  one  quartz  grain  lo 
another,  while  in  a  few  instances  they  were  obseiTed  in  direct  continuity 
with  similar  lines  of  inclusions  in  the  adjoining  microcline  plates. 

The  large  microcline  and  augite  grains,  which  constitute  the  larger 
part  of  the  section,  are  traversed  in  places  by  a  series  of  irregular  cracks, 
which  lie  parallel  with  the  lines  of  fluid  inclusions  in  the  quartz. 

The  augite  sometimes  shows  the  effects  of  mechanical  movements  in 
the  fracturing  and  breaking  of  a  grain  lying  in  contact  with  the  granular 
zone. 

The  grain  shows  fracturing  throughout,  but  the  breaking  apjtears 
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greatest  alonj;  the  side  adjacent  to  the  granular  area.  As  shown  in  figure 
5,  one  fragment  has  been  separated  slightly  from  the  main  i^rtion  and 
small  grains  of  augite  lie  distributed  along  the  crack.  Some  of  the  small 
grains  of  augite  are  very  slightly  pleochroic,  though  the  main  part  of  the 
crystal  is  not 

In  specimen  125  (127)  the  chief  constituents  are  also  coarsely  crystal- 
lized.   The  microcline  has  a  purplish  gray  color,  and  incloses  large  prisms 
of  augite  similar  to  that  previously  described,  exceptas  to  the  size  of  the 
individuals.    The  pyroxene  in  the  interstitial  areas,  however,  is  without 
idiomorphic  outlines,  and  occurs  mostly  in  large,  irregular  grains  and 
a^regates.    These  are  of  a  lighter  green  than  the  idiomorphic  indi- 
viduals in  the  microcline,  and  contain  a  larger  number  of  inclusions  of 
feldspar,  titanite  and  pyrite.   This 
becomes  apparent  in  attempting 
to  select  the  augite  for  chemical 
analysis.  The  anastomosing  gran- 
ular bands  separate  the  rock  into 
angular  lumps  of  irr^ular  sizes. 
These  bands  are  not  always  plain- 
ly apparent  in  the  hand  specimen, 
but  are  revealed  with  distinctness 
by  the  noicroscope. 

In  thin  section  (number  127) 
the  coarsely  crystallized  feldspar 
shows  a  faeBUtiful  development  of 
the  crosshatching  of  microcline. 
The  augite  and  large  microcline 

.  i_     i\.  '..Ill  FlODRE  6. — SeclioH  showing  granular  Band  inters 

grams  meet  each  other  with  toler-  sluing  i»r  Port. 

ably  sharp  boundaries,  though  a    ,f/-apatite:  a-qmnt:  /•- piagiociaK ^  m- 

small  amount  of  granular  micro-  "■««»"«■ 

cline  and  augite  is  sometimes  observable  along  the  line  of  contact.     There 

are  also  narrow  bands  of  granular  microcline  extending  outward  from 

Die  angle  of  the  augite  grain  along  the  spaces  between  the  large  grains  of 

microcline.    In  these  zones  of  granular  microcline  there  occur  also  small 

grains  of  plogioclase.    Between  the  grains  of  microcline  and  plagioclase 

tliere  appears  in  places,  as  a  cement,  a  very  small  amount  of  feldspar  in 

which  fine  striatious  may  sometimes  he  detected. 

The  microcline  is  sometimes  clouded  and  contains  occasional  small 
pUlcs  of  biotite,  rutile  needles,  and  apatite. 

The  aagite  occurs  in  irregular  grains,  usually  elongated  parallel  to  the 
vertical  axis.  It  is  of  a  pale  green  color  and  nonpleochroic.  The  pris- 
matic cleavage  is  well  developed.    Cleav^;e  parallel  to  the  orthopinacoid 
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and  clinopinacoid  is  common,  though  usually  less  distinct  than  the  pris- 
matic. Grains  in  which  the  cleavage  parallel  to  oo  P  »  (100)  is  well 
developed,  giving  a  diallage-like  appearance,  are  frequent  This  is  often 
made  more  apparent  by  the  presence  of  thin  twinned  lamellae  parallel  to 
the  same  plane.  Inclusions  of  feldspar,  sometimes  showing  the  cross- 
hatching  of  microcline,  occur  in  the  augite.  Grains  of  pyrite  occur  along 
the  cleavij^e,  as  also  small,  irregular  flakes  of  hornblende.  The  horn- 
blende is  green  and  pleochroic  in  green  and  greenish  yellow  colors. 

The  alteration  of  the  augite  to  compact  hornblende  was  clearly  demon- 
strated by  the  presence  of  the  latter  along  the  fracture  cracks  of  the  former. 
At  one  point  in  the  crack  there  is  a  small  grain  of  compact  green  horn- 
blende partially  inclosing  a  grain  of  iron  ore.  The  hornblende  shows 
well  marked  parallel  cleavage  and  distinct  pleochroism.  In  addition  to 
this,  the  irregular  fracture  lines  of  the  augite  are  bordered  on  either  side 
by  a  thin  greenish  band,  differing  from  the  augite  in  its  double  refrac- 
tion and  showing  distinct  pleochroism.  These  bands  are  in  direct  con- 
tinuity with  hornblende  in  the  larger  space  and  must  be  regarded,  there- 
fore, as  the  same.  The  zone  of  homblendic  substance  is  often  observed 
along  the  fracture  lines  in  the  augite  and  grading  into  the  latter.  Thev 
are  so  narrow,  however,  that,  though  showing  a  slight  degree  of  pleoch- 
roism, their  identity  is  clearly  established  only  when  found  in  direct  con- 
nection with  larger  recognizable  masses. 

•  The  apatite  occurs  both  in  the  form  of  microscopic  inclusions  in  the 
microline  and  as  rather  large  rounded  grains,  both  in  the  microline  and 
in  the  interstitial  areas.  These  often  inclose  small  grains  and  prisms  wiUi 
pyramidal  terminations,  having  a  lower  index  of  refraction,  which  are 
probably  quartz.  In  one  of  these  inclusions  the  extinction  waa  found  to 
be  parallel  to  the  longer  axis. 

In  thin  sections  of  specimen  number  126  (128),  which  resembles  the 
preceding,  the  granular  zones  are  narrow  and  consist  chiefly  of  microcline 
with  a  very  small  amount  of  plagioclase.  The  large  grains  of  microcline 
show  the  characteristic  microperthitic  intergrowth  with  albite  (?). 

The  microcline  holds  as  inclusions  numerous  small  biotite  plates,  apa- 
tite, rutile  needles,  and  an  abundance  of  fluid  inclusions.  The  biotite 
plates  are  often  distributed  along  the  cleavage  in  parallel  lines  or  bands. 
In  other  cases  they  appear  in  considerable  numbers  in  prisms  and  hex- 
agonal sections  in  intersecting  parallel  lines  corresponding  to  the  cleavage. 
Dust-like  decomposition  products  appear  quite  abundant  in  some  area^. 
and  especially  along  fracture  lines. 

An  aggregate  of  augite  grains,  with  irregular,  but  rounded,  outline,  oc- 
cupies the  space  between  two  large  microcline  individuals.    The  augite 
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and  the  coarse  feldspar  meet  each  other  for  the  most  part  in  well  defined 
boundaries.  In  some  places,  however,  a  small  amount  of  finely  granular 
nucrocline  occupies  the  space  between  them.  Rounded  grains  of  calcite, 
pyrite  and  microcline  areinclosed  in  the  augite.  The  fracture  lines  affect- 
ing the  microcline  sometimes  extend  uninterruptedly  through  an  adjoin- 
ing augite  grain. 

Si>eciraen  128  (130)  has  a  more  even  and  finer  grained  texture  than  the 
j)receding,  and  likewise  a  more  uniform  distribution  of  the  constituents. 

In  thin  section  the  microcline  shows  a  less  clearly  defined  grating 
structure  than  in  the  foregoing,  and  occurs  in  irregularly  angular  and 
rounded  grains  from  two  to  five  millimeters  in  diameter,  usually  sepa- 
rated from  each  other  by  a  network  of  finely  granular  microcline,  inclos- 
ing here  and  there  larger  grains  of  augite  and  a  small  amount  of  quartz, 
titanite  and  calcite,  but  sometimes  meeting  each  other  along  a  common 
boundary.  The  proportion  of  augite  is  much  less  than  in  most  of  these 
rocks.  The  interstitial  granular  areas  consist  of  very  small  grains  of 
microcline  and  augite,  with  a  small  amount  of  clear,  fresh-looking  plagio- 
cla«e  feldspar  between  them  in  places.  The  augite  does  not  appear  to 
have  suffered  much  disarrangement  of  parts,  though  coarse  fractures  are 
common.  A  small  amount  of  pyroxene  occurs  in  small  grains  distributed 
in  the  granular  microcline  bands.  In  one  instance  a  grain  lying  at  the 
intersection  of  three  granular  bands  shows  a  line  of  fracturing  extending 
diagonally  across  the  parallel  cleavage,  wliile  narrow  zones  of  hornblende 
with  faint  pleochroism  border  a  set  of  fractures  dcve1o))ed  transverse  to 
the  cleavage.  There  is  a  slight  difference  in  extinction  and  discordance 
in  the  direction  of  the  cleavage  in  the  two  parts  into  which  the  diagonal 
crack  divides  the  grain.  Along  this  crack  there  appear  small  grains  of 
apparently  fresh  feldspar  and  one  of  titanite,  together  with  several  small 
augite  grains.  A  dialhige-like  appearance  due  to  polysynthetic  twinning 
parallel  to  the  orthopinacoid  appears  in  some  grains.  No  differences 
were  noted  between  the  large  idiomorphic  augite  grains  and  those  ap]>ear- 
ing  in  the  granular  areas.  They  show  little  evidence  of  alteration.  More 
or  less  quartz  is  present  in  the  granular  areas  usually  carrying  rutile  and 
tluid  inclusions  and  in  some  cases  small  rounded  granules  of  augite. 
Calcite,  apatite,  titanite  and  iron  pyrites  appear  in  small  amounts.  The 
apatite  carries  small  inclusions  of  quartz. 

Si>ecimen  129  (131)  resembles  the  last,  except  that  the  microcline  has 
a  lighter  color,  giving  the  rock  a  fresher  appearance.  In  general,  the 
texture  is  medium  to  coarse,  with  much  larger  grains  of  microcline  scat- 
tered through  the  mass.  The  augite  and  titanite  appear  quite  uniformly 
distributed,  but  on  close  inspection  the  former  may  be  observed  slightly 
aggregated  in  anastomosing  lines,  giving  an  obscure  net-like  aspect.    On 

XVI— Boix.  Gbol.  Soo.  Ax.,  Vol.  7,  1805. 
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one  side  the  specimen  shows  a  flat  surface,  along  which  shearing  h&s 
taken  place. 

In  thin  section  in  some  areas  a  small  amount  of  granular  microcline 
appears  in  the  spaces  between  the  larger  grains.  Plagioclase  felds])ar 
occurs  as  small,  irregular,  unstriped  grains  in  the  interspaces  and  in 
small  amount  as  a  cement.  The  microcline  in  genenil  shows  greater 
alteration  than  in  the  preceding  specimen.  Numerous  particles  of  epi- 
dote  and  occasional  scales  of  biotite  are  scattered  through  it.  Epidote 
also  occurs  in  connection  with  the  augite. 

The  augite  agrees  with  that  of  the  preceding  specimen.  In  one  case  a 
grain  having  a  pronounced  twin  lamination  parallel  to  the  vertical  axis 
has  been  much  fractured  and  partially  squeezed  in  two  at  the  middle. 
The  two  parts  on  either  side  of  the  major  fracture  are  slightly  changed 
in  orientation,  while  small  grains  of  plagioclase,  feldspar  and  green  horn- 
blende occupy  the  crack.  A  large  grain  of  apatite  inclosed  in  the  augite 
adjoins  the  crack.  The  augite  is  cut  nearly  parallel  to  the  clinopinacoid, 
oo  Poo  (010),  and  shows  an  extinction  angle  of  43^  for  the  thicker  lamelk 
and  33®  for  the  fine.  It  is  evident,  therefore,  that  the  lamellar  structure 
is  not  due  to  a  fine  interlamination  of  an  orthorhombic  pyroxene  (hyper- 
sthene),  as  might  be  supposed,  but  represents  a  multiple  twinning,  prob- 
ably representing  gliding  planes,  due  to  pressure. 

The  part  of  the  grain  showing  greatest  fracturing  also  shows  decompo- 
sition products  in  greater  abundance.  These  consist  of  epidote,  calcite, 
and  hornblende ;  the  latter  in  small  pleochroic  grains  scattered  along  the 
fracture  lines.  In  one  case,  showing  only  {)arallel  cleavage,  the  extinction 
measured  upon  the  cleavage  lines  was  13  dejijrees.  In  some  cases  an 
aggregate  of  small  grains  of  augite  have  a  considerable  amount  of  honr 
blende  in  the  form  of  small  flakes  and  grains  associated  with  the  augite. 

Brown  biotite  appears  in  small  amount,  apparently  as  a  decom|K)8i- 
tion  product. 

A  mass  of  rock  four  feet  long,  observed  on  the  dump  of  opening  num- 
ber 11,  showed  the  gradation  from  the  first  into  the  second  or  ellipsoidal 
variety.*  Specimen  136  (139,  140)  was  taken  about  15  inches  from  the 
ellipsoidal  end  of  the  block.  It  consists  of  coarsely  crystallized  areas  of 
feldspar  and  augite,  with  intervening  areas  in  which  the  constituents 
form  a  moderately  fine  grained  mixture.  The  augite  occurs  in  large 
and  small  grains,  the  latter  in  the  granular  areas.  The  feldspar  (micrih 
dine)  has  a  gray  color  and  shows  a  sharp  but  variable  reflection  from 
the  cleavage  faces.  Twinned  individuals  having  the  greatest  extent  par- 
allel to  the  twinning  plane  are  common.    The  augite  and  titanite  both 

♦  This  block  is  reprofientec  in  the  collection  by  numbers  134,  l;j5, 136  and  137,  taken  in  consecn- 
tJye  order,  the  last  number  being  the  leopard  rock. 
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appear  in  larger  grains  in  the  more  coarsely  crystallized  portions.  In 
the  finer  grained  areas  the  constituents  are  quite  uniformly  distributed. 
In  thin  section  the  microcline  shows  a  pronounced  development  of 
microperthitic  intergrowth  with  a  more  strongly  doubly  refracting,  fresh- 
looking  feldspar  (albile  ?).  In  some  sections  the  albite  bands  show  a 
very  fine  transverse  striation,  upon  which  the  extinction  is  about  five 
degrees.  Sometimes  small  grains  of  quartz  appear  inclosed  in  the  albite 
band.M.  The  inclusions  appearing  in  the  microcline  occur  also  in  the 
albite  bands  and  in  the  quartz  and  correspond  to  those  already  described. 
In  some  cases  plates  of  biotite  extend  across  the  boundary  between  the 
microcline  and  albite  and  are  partially  inclosed  in  each. 

The  space  between  the  microcline  grains  is  occupied  by  finely  granu- 
lar microcline  and  a  striated  feldspar,  with  here  and  there  larger  grains 
of  green  augite.  The  striated  feldspar  is  fresher  in  appearance  than  the 
microcline.  The  laminations  are  very  fine,  and  according  to  a  number 
of  measurements  extinguish  at  from  4**  to  5°  on  either  side  of  the  twin- 
ning plane  where  this  bisects  the  angle  of  extinction  of  the  two  lamellse, 
thus  corresponding  to  albite  or  oligoclase.  In  addition  to  biotite  plates, 
these  plagioclase  feldspars  often  contain  large  numbers  of  rounded  or 
nodular  inclusions  of  quartz.* 

Specimens  134  (137)  and  135  (138),  taken  from  the  same  block  as  the 
above,  are  much  finer  grained  and  contain  a  considerable  amount  of 
quartz,  showing  with  the  feldspar  a  somewhat  obscurely  banded  arrange- 
ment. Augite  is  present  in  comparatively  small  amount.  The  feldspar 
h  pinkish,  except  in  the  coarser  patches,  where  it  is  the  usual  gray  color. 
Grains  of  microcline  up  to  the  size  of  peas,  sometimes  inclosing  augite, 
occur  scattered  through  the  finer  grained  areas.  Under  the  microscope 
these  specimens  are  seen  to  diflfer  from  the  preceding  in  the  greater  ex- 
tent of  the  interstitial  granular  areas,  the  lessened  amount  of  augite,  and 
greater  abundance  of  quartz. 

In  addition  to  the  microperthitic  intergrowth  with  albite,  the  larger 
microcline  grains  show  an  abundance  of  the  nodular  quartz  inclusions, 
with  here  and  there  similar  forms  made  up  of  an  aggregate  of  albite 
grains.  These  nodular  quartz  inclusions  are  of  considerable  size,  varying 
from  .035  of  a  millimeter  to  .425  of  a  millimeter  in  diameter,  the  larger 
ones  sometimes  reaching  a  length  of  .95  of  a  millimeter.  The  largest  in- 
tlividuals  are  often  separated  into  a  number  of  parts,  each  with  slightly 
different  extinction.  It  is  noticeable  that  in  many  of  them  the  more 
pmminent  fractures  extend  nearly  in  the  same  direction.    In  the  granular 

*Thp9e  correspond  to  the  **  quarts  de  corronioii"  of  the  French  authors,  a  term  quite  inappro- 
priate, as  thejr  in  no  sense  represent  corrosive  action.  In  correspondence  with  their  peculiarities 
of  shape,  the  term  "  nodular  quartz*'  is  here  adopted  for  them. 
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zones  there  is  an  abundance  of  fresh,  finely  and  sharply  striated  feldspar 
usually  carrying  nodular  quartz  inclusions. 

The  quartz  occurs  distributed  through  the  fine  mosaic,  often  in  lines 
and  stringers  of  elongated  grains,  in  which,  in  addition  to  fluid  inclusions, 
the  inclusions  found  in  the  microcline  are  abundant. 

Epidote  appears  in  particles  distributed  through  the  microcline,  Tvhile 
the  titanite  often  occurs  in  association  with  an  opaque  iron  ore,  probably 
ilmenite. 

ELLIPSOIDAL  STBNITBONBISS  OR  LEOPARD  ROCK, 

The  collection  embraces  specimens  showing  a  gradation  from  forms  in 
which  the  constituents  are  rather  coarsely  crystallized  and  the  feldspathic 
cores  approximately  ellipsoidal  through  others  in  which  they  become 
more  and  more  elongated,  flattened  and  distorted,  accompanied  by  a  de- 
crease in  the  size  of  the  grains,  to  those  finally  in  which  the  constituents 
are  fine  grained  and  arranged  in  parallel  bands.  The  specimens  were 
taken  from  the  dumps,  which  oflcred  excellent  opportunities  for  securing 
an  abundance  of  fresh  material. 

Specimen  137  (141, 142, 143),  which  was  taken  from  the  block  furnish- 
ing specimens  134, 135, 136,  represents  the  ellipsoidal  rock  in  contact  with 
a  mass  of  apatite,  the  ellipsoids  sometimes  thrusting  themselves  in  be- 
tween  adjoining  masses  of  apatite  which  may  have  belonged  originally  to 
the  same  deposit. 

The  interior  of  the  feldspathic  lumps  is  sometimes  coarse  grained  and 
identical  with  portions  of  number  136.  They  also  show  a  small  amount 
of  augite  intergrown  with  the  feldspar  in  these  coarse  grained  parts,  while 
the  finer  grained,  outer  peripheral  portions  show  little,  if  any,  augite. 

Quartz  is  present  in  considerable  amount  in  lines  parallel  with  the 
longer  axis  of  the  lump.  In  thin  section  cut  transverse  to  the  pyroxene 
bands  they  are  seen  to  consist  of  a  fine  grained  mosaic  of  feldspar,  quartz 
and  augite,  while  the  ellipsoids  are  composed  chiefly  of  microcline  in  much 
larger  grains.  In  some  cases,  however,  the  ellipsoid  is  more  or  less  fine 
grained  throughout  and  has  lines  of  quartz  extending  through  it  parallel 
with  the  longer  axis  of  the  lump.  The  augitic  bands  correspond  in  struc- 
ture with  the  granular  belts  observed  in  the  coarse  syenite.  The  constit- 
uents all  show  a  pronounced  tendency  toward  a  laminated  arrangement. 
They  consist  of  microcline  and  plagioclase  in  about  equal  proportions, 
mostly  in  small  equidimensional  grains.  Quartz  is  quite  abundant 
mostly  in  elongated  grains  and  aggregates  arranged  in  lines  parallel  with 
the  lines  of  augite.  They  contain  as  inclusions  small  plates  of  biotite 
and  occasionally  small  rounded  grains  of  augite,  unstriped  feldspar,  and 
small  rhombic  sections  of  titanite. 
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The  plagiocla^e  13  generally  fresh,  with  sharply  defined  striationa,  but 
in  some  cases  is  without  etripea  and  more  or  leea  cloudy.  It  contains 
an  abundance  of  nodular  quartz  inclusions.  The  constituents  of  the 
granular  areas  show  a  tendency  toward  the  micropoikilitic  structure. 

The  augite  occurs  in  grains  and  aggregates  distributed  in  a  belt  along 
the  middle  of  the  granular  band.  The  grains  are  irregular  in  outline  and 
often  elongated  parallel  to  the  vertical  axis.  The  grains  usually  lie  with 
Iheir  long  axis  approximately  parallel  with  the  direction  of  the  band,  but 
in  many  cases  they  lie  transverse  to  it.  The  augite  grain  is  often  pleo- 
cliroie,  but  without  distinct  evidences  of  alteration.  It  does  not  diifer 
e^entially  from  that  of  the  coarse  grained  rock,  Pinacoidal  and  prismatic 
cleavages  aie  usually  well  developed  in  the  larger  grains. 

Apatite  occurs  sometimes  in 
large  elongated  grains  lying  par- 
allel with  the  general  lamination. 
They  carry  numerous  quartz  in- 
clusions, sometimes  in  short 
prisms  terminated  at  each  end  by 
the  pyramid. 

A  small  amount  of  calcite  is 
present. 

In  specimen  number  142  (147, 
U8,  149)  the  feldspathic  lumi>8 
are  mostly  small,  usually  much 
elongated,  and  very  irregular  in 
shai>e.  The  pyroxene  is  abun- 
dant in  the  interstitial  area^,  but 
is  not  regularly  distributed.     In  """'"  'i:f::%l":i;^^X';SZ'"" ""'' 

places  it  occurs  in  lumps  of  con-      shovrinn  prisms  of  suglte  lyiog  In  Ihe  snnular 

siderahle  size,  in  which  there  ap-  band* and  t™nsvfr«eioi[. 
pear  grains  of  quartz  and  feldspar  and  a  considerable  amount  of  tttan- 
ite.  The  flattened  feldspathic  lumps  arrange  themselves  somewhat 
concentrically  about  these  i^^gregates.  The  flattened  feldspathic  masses 
are  relatively  small  near  the  central  augite  aggregate,  but  increase 
rapidly  in  size  outward.  Often  the  augite  lump  represents  simply  a 
local  thickening  of  the  interstitial  band.  The  augite  is  of  a  dark  green 
color  and  occurs  in  comparatively  large  prisms,  those  of  the  segregated 
masses  occasionally  exhibiting  cryatallographic  outlines.  In  the  inter- 
stitial bands  the  prisms  sometimes  arrange  themselves  transversely  and 
jTiiject  more  or  less  into  the  feldspathic  masses  on  either  aide.  The 
feldspathic  lumps  are  made  up  of  a  groundmass  of  fine  grained  feldspar 
and  quartz  inclosing  large,  often  twinned,  tabular  grains  of  microcUno, 
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The  size  of  the  large  microcline  grains  is,  in  general,  proportional  to  that 
of  the  feldspathic  lump.  The  titanite  occurs  chiefly  in  association  with 
the  augite.    It  appears  also  in  the  feldspathic  areas,  but  less  frequently. 

In  thin  section  the  microcline  grains  of  the  feldspathic  lumps  are  found 
to  measure  from  li  millimeters  to  2  millimete»  in  diameter,  while  the 
granular  matrix  in  which  they  lie  is  composed  of  grains  of  microcline  and 
plagioclase  varying  in  size  from  .3  of  a  millimeter'to  .6  of  a  millimeter. 

The  small  grains  of  microcline  in  the  granular  areas  often  appear 
cloudy  at  the  center,  while  the  outer  portion  is  clear  and  fresh.  The 
same  appearance  is  also  observable  in  some  of  the  plagioclase  grain?. 
In  these  and  in  many  other  sections  the  granular  feldspars  are  often  seen 
to  meet  each  other  in  straight,  sharply  defined  boundaries,  su^esting 
an  approach  to  crysUUlo^raphic  outlines.  This  tendency  is  especially 
pronounced  in  grains  in  which  the  outer  zone  is  fresher  than  the  inte- 
rior. The  larger  microcline  grains  are  filled  with  particles  of  epidote, 
plates  of  biotite,  fluid  inclusions,  and  occasionally  microscopic  grains  of 
tourmaline.  They  are  generally  much  fractured  and  in  some  cases 
show  cracks  filled  with  calcite.  Quartz,  calcite  and  plagioclase  feldspar 
occur  in  the  au<;ite,  often,  but  not  always,  in  connection  with  fracture?. 
Small  aggregated  of  hornblende  needles,  accompanied  by  an  opaque  iron 
ore,  appear  occasionally  as  alteration  products  of  the  augite.  The  latter 
oPUmi  show.s  distinct  pleochroism : 

flsgreenish  yellow. 

b=s  green. 

C=green  or  slightly  yellowish  green. 

Quartz  is  not  plentiful. 

In  number  143  (150, 151, 152, 153)  the  ellipsoidal  masses  are  larger,  but 
are  more  or  less  flattened  and  contain  a  considerable  amount  of  quarti. 

Under  the  microscope  the  interstitial  areas  show  a  pronounced  devel- 
opment of  the  granular  or  **  mortel  structure,"  in  which  in  some  places 
there  appears  a  preponderance  of  plagioclase  beset  with  an  abundance 
of  nodular  quartz,  while  in  others  granular  microcline  predominates. 

The  constituents  have  the  relations  characteristic  of  the  micropoikilitic 
structure.  The  larger  grains  of  microcline  sometimes  show  the  eflTects  of 
dynamic  agepcies  in  the  bending  of  the  lamellae  and  undulatory  ex- 
tinction. The  augite  occurs  in  irregular  grains  and  aggregates  distri)>- 
uted  along  the  middle  of  the  granular  band,  as  usual. 

Quartz  is  quite  abundant  in  angular,  often  elongated  grains.  They 
sometimes  inclose  small,  rounded  grains  of  pyroxene,  which  in  one  case 
appeared  to  stream  out  from  a  large  augite  grain  adjoining. 

The  apatite  occurs,  as  usual,  in  rounded  and  elongated  grains,  some- 
times inclosing  rounded  grains  of  augite. 
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In  specimen  149  (161, 162)  the  feldspathic  ellipsoids  are  drawn  out 
into  irr^ular,  flattened,  disk-like  forms.  The  rock  shows  a  tendency  to 
cleave  alon^  the  face  of  the  augite  bands  when  the  breakage  is  parallel 
to  the  longer  axes  of  the  disks. 

Under  the  microscope  both  feldspar  and  augite  are  mucli  finer  grained 
than  in  the  preceding.  The  latter  especially  appears  in  smaller  and 
more  rounded  grains,  which  lie  distributed  in  a  linear  direction  in  the 
granular  feldspathic  matrix.  The  diallage-like  structure,  due  to  the 
presence  of  twinned  lamellse  parallel  to  the  orthopinacoid,  appears  some- 
times in  sections  cut  transverse  to  the  vertical  ^xis.  Indications  of  oro- 
graphic pressure  appear  in  one  instance  in  the  breaking  of  an  augite 
grain,  calcite  being  deposited  in  the  crack,  and,  further, 'in  the  appear- 
ance of  fractures  extending  across  adjoining  grains  of  pyroxene.  The 
granular  feldspar  grains  often  meet  each  other  in  sharp,  straight  lines. 
In  one  case  two  grains  of  microcline,  one  of  which  is  bordered  by  a  small 
amount  of  fresh  plagioclase  feldspar,  are  separated  by  a  narrow  band  of 
the  latter,  which  in  polarized  light  is  seen  to  be  twinned,  the  part  on 
either  side  of  the  twinning  plane  being  very  nearly,  but  not  quite,  in 
optical  orientation  with  its  adjacent  microcline  grain. 

In  specimen  138  (144),  taken  fr6m  the  dike  intersecting  the  pyroxenite 
and  quartzite,  shown  on  page  101,  the  feldspathic  lumps  and  interstitial 
bands  are  both  of  a  uniformly  fine  grained  granular  texture. 

In  thin  section  the  feldspathic  lens-shaped  masses  are  shown  to  consist 
of  rather  fine  but  relatively  uniform  grains  of  microcline,  with  a  mod- 
erate amount  of  quartz  and  the  usual  portion  of  titanite.  Occasionally 
the  microcline  carries  nodular  quartz  inclusions,  but  they  are  few. 

In  the  interstitial  zones  the  constituents  are.somewhat  finer,  and  the 
grain  lie  with  their  longer  axes  extended  in  the  same  direction.  The 
granular  feldspar  has  the  characteristic  structure  of  microcline,  while 
pUgioelase  is  almost  altogether  wanting.  However,  these  granules  carry 
a  considerable  amount  of  nodular  quartz. 

The  augite  appears  in  small  grains  disseminated  in  the  granular  feld- 
spar matrix.  This  specimen  differs  from  the  preceding  in  the  presence 
of  a  considerable  amount  of  hornblende  associated  with  the  augite ;  some- 
times connected  with  it  zonally.  Some  of  the  hornblende  presents  idio- 
inorphic  outlines  with  well  developed  prism  faces  meeting  at  angles  of 
56**  or  124.° 

8TRBAKED  SYSNITE-ONEISS. 

S|)ecimen  140,  associated  with  the  last  in  the  exposure  described  on 
page  101,  shows  a  nearly  complete  flattening  of  the  ellipsoids,  giving  a 
well  developed  gneissoid  banding.  Its  identity  with  the  leopard  rock, 
however^  is  plainly  evident  from  the  anastomosing  of  the  augite  streaks 
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visible  on  a  transverse  fracture  face.  Specimen  156  (186),  taken  from  the 
dump,  represents  the  same  structure  in  a  fresher  rock.  The  constituents 
appear  in  a  remarkably  fresh  condition.  The  feldspathic  areas  hare 
been  completely  flattened,  so  that  on  a  fracture  face  parallel  with  the 
plane  of  the  greatest  and  least  axes  of  the  flattened  ellipsoids  the  con- 
stituents are  seen  in  parallel  bands.  When  the  rock  breaks  transvense  to 
this  and  the  augite  bands,  the  latter  are  seen  to  coalesce.  The  mass  of 
the  rock  is  flne  grained,  with  large  crystals  of  microcline  scattered  here 
and  there  along  the  feldspathic  bands. 

Under  the  microscope  the  rock  is  seen  to  consist  chiefly  of  finely  granu- 
lar feldspar,  with  larger  grains  of  feldspar  and  augite  scattered  tiirough 

the  groundmass.  The  granular 
groundmass  consists  of  microcline 
and  unstriped  feldspar,  the  latter 
occurring  both  as  a  cement  and 
in  small  grains  carrying  numer- 
ous nodular  quartz  inclusions.  A 
small  amount  of  striped  feldspar 
is  also  present. 

*  The  granular  microcline  gener- 
ally appears  fresher  than  that  in 
large  grains,  and  in  some  cases  aji- 
pears  more  cloudy  at  the  center 
than  in  the  perijiheral  portion:^. 
The  augite  grains  vary  grejitly 

ViOVi,K^.-Miomorphicl^nblend.  Crysiat  in  the  »»    8^2©,  but   iu    gcneml    aro  illt^T- 

streaked  Syenite-gneiss.  mediate  iu  sizc  bctweeu  the  niicrvh 

Ap  -  apaiiie;  Au  —  augite;  H --  honibiemic ;  ('line  of  the  grouudmass  and  the 

y-^titaiiite;  J/ --' microcline.  ,'  i        'a*  •  rpi    ., 

large  porphyntic  grains.  They 
lie  scattered  along  planes  in  alternation  with  the  bands  of  feldspar. 
Hornblende  is  present  in  considerable  amount,  associated  with  theaugiU*. 
It  does  not  occur  outside  oi*  the  augite  bands.  Its  relations  to  the  augite, 
however,  are  not  such  jis  to  clearly  prove  its  derivation  from  that  rainenil. 
It  sometimes  ap[)cars  in  small  flakes  along  the  cleavage  lines  of  the  augite 
and  is  frequently  in  zonal  relation  with  the  latter.  It  shows  the  relatione 
with  the  other  constituents  characteristic  of  the  micropoikilitic  structure, 
and  frequently  appears  in  crystals  with  characteristic  cry stallograpli it- 
outlines. 

In  figure  8  it  is  evident  that  the  hornblende  is  the  result  of  a  separate 
crystallization,  as  shown  by  its  idiomorphic  form  and  relation  to  the 
adjacent  minerals.  The  manner  in  which  it  incloses  the  apatite  shows 
that  it  has  crystallized  subsequently  to  the  apatite.     Moreover,  its  per- 
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fection  of  outline  indicates  that  it  has  not  passed  through  the  varied  ex- 
periences to  which  the  original  constituents  of  the  rock  may  have  been 
subjected.  It  does  not  have  the  crystallographic  relations  with  the  augite 
characteristic  of  paramorphic  development.  Titanite  also  appears  here, 
often  in  small  rhombic  cr3'stals. 

Specimen  155  (166)  shows  a  pronounced  plication  of  the  bands.  Along 
with  this  the  rock  shows  more  or  less  schistosity  in  certain  directions. 
The  direction  of  this  cleavage,  however,  has  no  apparent  relation  to  the 
direction  of  the  gneissoid  banding.  The  augite  streaks  are  less  sharply 
defined  than  in  the  specimen  last  described  (156). 

Under  the  microscope  there  appears  a  uniformly  very  thin,  fine  grained 
ground  mass  of  feldspar  and  quartz,  in  which  large  grains  of  microcline 
and  numerous  small  grains  of  augite  and  hornblende  arranged  in  bands 
occasionally  occur.  It  is  somewhat  more  granular  than  the  preceding, 
but  in  other  respects  does  not  show  any  marked  differences. 

Character  and  Relations  of  the  Rocks. 

The  relations  of  these  rocks  as  observed  in  the  field  are  thus  seen  to 
be  borne  out  by  their  petrographical  character.  Beginning  with  the 
coarsely  crystallized  rock,  in  which  the  gneissic  structure  is  but  imper- 
fectly developed,  there  is  a  gradation  into  finer  grained  and  more  gneissoid 
forms,  until  we  have  in  the  last  stage  a  well  developed  gneiss.  In  its 
typical  form  it  consists  of  a  mixture  of  microcline  and  augite  as  essential 
constituents,  while  quartz,  titanite  and  pyrite  play  an  accessory  role.  A 
peculiar  feature  of  this  rock  is  the  large  size  of  the  microcline  and  augite 
gmins  and  the  segregation  of  both  in  lumps  and  patches.  The  plagioclase 
feldspar  appears  in  proportion  to  the  extent  of  the  granular  areas  and 
constitutes  an  essential  feature  of  these  areas,  though  usually  playing  a 
less  important  part  than  the  microcline  grains.  It  is  usually  much 
fresher  than  the  nycrocline,  but  in  some  cases  the  opposite  is  true. 

The  augite,  which  occurs  in  large  crystals  and  grains  or  segregated 
masses  in  the  coarse  grained  rock,  also  appears  in  smaller  grains  as  the 
rock  becomes  more  granular  and  gneissoid,  distributed  along  the  middle 
of  the  gneissoid  bands. 

The  constituents  of  these  bands  are  strictly  allotriomorphic  in  their 
relations  and  often  show  a  distinct  micropoikilitic  structure.  These  in- 
dications of  recrystallization  become  more  pronounced  in  the  more 
gneissic  forms.  The  indications  of  secondary  enlargement  of  the  micro- 
cline, and  sometimes  of  plagioclase  grains,  are  also  more  apparent  in 
these  latter  specimens.  In  the  coarse  grained  rock  plagioclase  feldspar 
is  generally  present  in  small  amount  as  a  cement  between  the  grains  of 
microcline.    This  cement-like  arrangement  is  also  a{)parent  to  a  small 

XVII -Bull.  Gbol.  Soo.  Am.,  Vol.  7, 1895. 
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extent  in  the  more  gneissoid  variety,  but  is  overshadowed  by  the  general 
appearance  of  recrystallization.  The  idiomorphic  character  of  the  au^te 
inclosed  in  the  microcline  is  wholly  absent  in  all  the  pyroxene  grains 
appearing  in  the  granuUr  groundmass.  These  grains  ollen  appear  pris- 
matic, but  never  have  regular  outlines.  They  frequently  lie  transverse 
to  the  augite  band,  giving  the  radiate  arrangement  already  noted. 

The  evidences  of  dynamic  movements  appear  in  the  coarse  rock  in  the 
fracturing  and  breaking  of  the  constituents  and  the  presence  of  cracks 
extending  uninterruptedly  across  adjoining  grains.  The  last  feature  was 
less  apparent  in  the  more  gneissic  rock.  The  grains  of  augite  usually 
show  an  abundance  of  coarse  fractures  and  occasionally  a  broken  grain 
with  parts  slightly  disarranged.  The  appearance  of  breaking  occurs  in 
the  augite  in  the  granular  bands  only,  and  if  these  bands  represent  lines  of 
breakage,  as  is  believed,  the  fracturing  of  the  pyroxene  may  be  correlated 
with  the  agencies  which  initiated  the  development  of  the  gneissic  struc* 
ture.  No  distinct  evidence  of  the  derivation  of  the  granular  pyroxene 
from  the  coarse  grains  and  crystals  could  be  made  out. 

Hornblende  does  not  appear  to  have  been  present  in  the  original  in- 
trusion. It  sometimes  appears  in  a  very  small  amount  in  connection 
with  the  augite,  sometimes  as  an  alteration  of  the  latter.  In  these  cases 
it  is  destitute  of  crystallographic  form.  In  the  gneissic  rock,  however, 
the  hornblende  becomes  quite  abundant  and  often  presents  well  marked 
idiomorphic  outlines. 

The  quartz  in  the  coarse  granular  rock,  as  in  the  case  of  the  felds])ar 
and  augite,  appears  to  be  distributed  in  patches.  It  is  apparently  more 
abundant  in  the  more  gneissic  rock,  where  the  grains  assume  elongated 
forms  and  are  arranged  more  and  more  in  lines. 

The  laminated  gneissic  arrangement  of  the  constituents  is  a  marked 
characteristic  of  the  granular  bands.  In  those  of  the  coarse  grained  rock 
it  is  not  marked.  It  is  indicated,  however,  by  the  tenijency  of  the  quartz 
grains  to  become  elongated  parallel  with  the  band.  In  the  leopard  rock 
there  is  a  distinct  lamination  of  the  constituents  in  the  interstitial  zone. 
In  cases  where  the  feldspathic  lumps  are  more  or  less  granular  through- 
out, the  constituents  tend  to  assume  a  laminated  arrangement,  but  Uiis 
is  not  common. 

Nomenclature. 

The  characteristics  of  the  streaked  gneiss  here  described  correspond  to 
what,  according  to  Zirkel,*  may  be  regarded  as  a  pyroxene-gneiss  (augite- 
gneiss).  A  somewhat  similar  rock,  but  apparently  containing  leas  augite, 
has  been  described  by  Lacroix  as  granulitic  microcline-gneiss.f 

•  Lehrbiich  der  Peirographie,  bund  Hi,  p.  219. 

fBuUetln  de  laSoci6l6  FraD9aiso  de  Mineralogie,  April,  1889. 


NOMKNCLA.TURE.  121 

The  term  pyroxene-gneiss  has  been  applied  by  the  last  named  author 
to  rocks,  of  much  more  basic  composition  than  those  under  conaidera* 
tion,  corresponding  to  the  pyroxenites  of  the  apatite  region. 

It  requires  but  a  brief  survey  of  petrological  literature  to  become  aware 
of  a  great  difference  in  usage  as  to  the  term  gneiss.  By  some  authors 
the  mineralogic  composition  of  these  rocks  is  made  the  basis  of  defini- 
tion, and,  being  r^arded  as  having  the  greatest  analogy  with  the  gran- 
ites, they  are  defined  as  characterized  by  the  presence  of  feldspar  and 
quartz  as  essential  constituents.* 

By  many,  however,  the  tenn  is  employed  in  a  structural  sense  to  denote 
the  coarser  schists,  which  so  often  present  granitoid  characters — ^a  more 
comprehensive  and  preferable  usage,  since  the  gneissoid  or  foliated  struc- 
ture may  characterize  rocks  of  very  diverse  composition.  The  difiiculty 
attending  the  application  of  a  mineralogical  definition  is  acknowledged 
by  Zirkel  when  he  attempts  to  draw  the  line  between  certain  hornblende- 
gneisses  and  amphibolite.t 

The  mineralogical  definition  precludes  the  use  of  the  term  syenite- 
gneiss.  This  name,  however,  has  been  used  for  a  quartz-bearing  horn- 
blende-gneiss and  is  given  as  a  synonym  for  this  rock  by  GeikicJ 
Naturally  enough  Zirkel  does  not  recognize  such  a  division  and  sets  the 
term  aside  as  misleading.§  On  the  whole,  it  seems  to  the  writer  that  the 
broader  use  of  the  term  gneiss  in  the  structural  sense  is  to  be  preferred. 
This  usage  prevails  quite  generally  among  the  English  and  French  pe- 
trographers. 

The  principles  applicable  to  the  classification  of  the  gneisses  may  be 
summarized  as  follows : 

1.  Their  mineralogic  composition. 

2.  Identity  in  composition  and  texture  with  the  igneous  or  sedimentary  rocks. 
Origin  unknown. 

3.  Identity  in  origin,  composition  and  texture  with  igneous  or  sedimentary  rocks. 
Under  this  we  have  to  consider  (a)  those  rocks  in  which  the  gneissoid  structure 
is  due  to  dynamic  agencies,  and  (6)  those  in  which  it  is  the  result  of  conditions  at- 
tending their  original  solidification. 

*ZtrkeI :  '*Zani  Wesen  dee  elgentlichea  Oneisses  Kol^^rt  das  Jedesmalige  Dasein  ▼on  Kalifeld- 
«pftth,QiiAriund  Ton  einem  trikUnen  Kalknatroofeldspath  Oder  Natroa>feldspath.  .  .  .  Weseni- 
licheo  BeJitandlheilo  der  Gneisnes  im  Allgemeinen  bllden  abor  noch  aasserdem  Magneaiaglimmer, 
Kaliglimmer  and  Hornblende,  welche  indessen  nicht  in  saramtUchen  Onelssen  yorkominen, 
M>a«1era  einiein  oder  xii  sweien  auf  gewisiie  Abthellangen  derseben  beschrftnkf  shid.*'  (Lehr- 
bnch  der  Petrographte.  band  lit,  p.  186, 1894.) 

f  Ee  ist  schwer  die  Grense  gegen  die  letseren  (feldspath-qaars  haltigen  AmphiboUten)  su  Blehen, 
aher  nlcht  wohlgethan,  Gestein  mit  sehr  vorwaltender  Hornblende  lu  den  Gnelssen  sii  rechnen. 
NamenClich  ist  en  atieh  nicht  bu  bllligen  gar  qaannrele  feldspathaltige  Amphibolite  dienen 
Oneissen  susus&hlen.  Ferner  bedingt  der  Name  Gneisa  immerhin  ein  gewisses  planes  Parallel- 
K'^face.    fLehrbucb  der  Petrographie,  band  til,  p.  216. 1894.) 

tToxt-book  of  Geology,  3d  edition,  p,  186. 

I  I^hrbacli  der  Petrographie,  band  lii,  p.  216, 1894.  ^ 
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All  of  these  principles  are  recognized  by  petrographers,  though  usage 
varies  greatly  as  to  their  application  in  the  naming  of  the  rocks.  Thus, 
according  to  some,  the  specific  designation  is  based  upon  the  prevailing 
mineral  characteristics,  while  others  prefix  the  names  of  other  rooks 
with  which  the  gneiss  agrees  in  its  textural  or  mineralogical  characters. 
The  latter  is  the  prevailing  usage  among  the  Canadian  geologists,  who 
apply  the  term  quartzite-gneiss,  diorite-gneiss,  etcetera,  as  specific  desig- 
nations to  granitoid  rocks  possessing  a  parallel  structure.  Some  geol- 
ogists* restrict  the  terms  syenite-gneiss,  diorite-gneiss,  gabbro-gneiss, 
etcetera,  to  rocks  in  which  there  appears  a  gneissoid  structure  due  to 
differential  movements  acting  upon  the  igneous  mass  in  the  later  stages 
of  its  original  consolidation. 

The  desirability  of  greater  uniformity  in  the  method  of  naming  the 
gneisses  is  apparent.  The  following  slight  modification  of  methods  in 
quite  general  use  is  suggested  as  a  step  in  this  direction : 

1.  That  the  term  gneiss  be  used  in  its  broader  strnctural  sense  for  all  rocks  show- 
ing a  laminated  or  banded  structure  and  in  which  the  gneissoid  structare  is  not 
known  to  be  due  to  differential  movements  of  the  igneous  ma%  before  its  final  con- 
solidation. For  the  latter  a  structural  qualifying  term  may  be  used,  as  has  already 
been  done  by  Geikie  and  others,  as  gneissoid  or  banded  gabbros,  eteetera. 

2.  That  where  the  origin  of  the  rock  (whether  igneous  or  sedimentary)  is  known* 
the  class  designations  be  made  to  correspond  with  the  character  of  the  original 
rock.  Thus  a  gneiss  known  to  have  consolidated  originally  as  a  diorito  may  be 
termed  diorite-gneiss. 

3.  In  those  cases  where  the  character  of  the  original  rock  is  unknown,  compris- 
ing probably  the  larger  part  of  the  group,  the  extent  of  knowledge  with  reference 
to  this  point  may  be  indicated  by  the  ending  **ic.*'  Thus  a  rock  with  gneissic 
structure  and  corresponding  in  its  mineralogic  composition  with  the  diorites,  but 
whose  geological  relations  are  unknown,  may  be  called  a  diori tic-gneiss. 

The  following  table  illustrates  these  principles  as  applied  to  a  few  of 
the  more  important  types  of  rocks :  f 

Gneiss. 


Analogous  inaHMive  type. 

Of  igneous  origin. 

Origin  unknown. 

Granite :  t 

Biotite  granite. 
Hornblende-granite. 

Granite-gneiss : 

Biotit«-granite-gneiss. 
Hornblende-gran  iie-gneiss. 

Qraniiic-gneiss: 

Biotite-graniiic-gneisft. 
Hornblende-granitio-gneiss. 

Syenite : 

Hornblende  syenite. 

Mica-syenite. 

Py  roxene-syen  iie. 

Syenite-gneiss : 

Hornblende-syenite-gneiss. 
M  ica-syenite-gneiss. 
Pyroxene-syenite-gneiss. 

Syenitic-gneiati : 

Hornbiende-syenitie-gneiss. 

M  ica-sye  n  i  tic-gneiss. 
Augi  te-syen  i  tic-gneiss. 

Diorite: 

Mica-diorite. 

Diorite-gneiss : 

M  ica-diorite-gneiss. 

Dioritic-gneiss : 

Mica-dioritic-gneiss. 

Oabbro. 

Gabbro-gneiss. 

Oabbroic-gneiss,  or  gabbric-gnei*' 

Pyroxenite. 

Pyroxenite-gneis!!. 

Pyroxeni  tic-gneiss. 

•  J.  G.  Goodchild :  The  Geo!.  Mag.,  new  ser ,  Dec.  IV,  vol.  I,  number  1,  p.  27  (Jan ,  1894). 
fAs  types  of  the  sedimentary  formations,  there   may  be  quartzite-gneiases  and  quarttitie- 
gnelHses. 
t  In  the  absence  of  a  better  name,  the  term  ••  granite  "  is  here  used  in  its  restricted  petrograpnie 

sense. 
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In  accordance  with  this  view,  the  classification  of  the  rock  under  con- 
sideration is  obvious.  It  is  a  gneissoid  pyroxene  microcline  rock,  which 
in  some  places  is  almost  or  wholly  free  from  quartz  and  corresponds  to 
a  pyroxene-syenite,  while  in  others  not  far  distant  the  increase  in  the 
amount  of  quartz  would  ally  it  to  the  pyroxene-granites.  In  view  of  the 
generally  sparing  amount  of  quartz  present  in  the  coarse  grained  forms, 
they  are  here  referred  to  generally  as  pyroxene-syenite-gneiss  or  simply 
syenite-gneiss,  though  it  is  not  to  be  overlooked  that  these  grade  into 
more  quartzose  forms,  which  maj-  be  more  fittingly  regarded  as  pyroxene- 
gran  ite-gneisses. 

W.  G.  Ferrier*  describes  a  gneiss  from  the  Chateau  Richer  district 
apparently  identical  with  the  *'  streaked  gneisses  "  described  above,  to 
which  he  applies  the  name  "  pyroxene-granite-gneiss." 

Lawson  f  describes  a  rock  from  the  Rainy  Lake  region,  which  he  terms 
homblende-syenite-gneiss  and  which  he  states  is  not  separable  geolog- 
ically from  others  of  the  same  region  which  he  calls  hornblende-granite- 
gneiss.  From  his  description  of  these  rocks  it  is  evident  that,  except  in 
the  ellipsoidal  structure  and  the  character  of  the  prevailing  ferromagne" 
sian  constituent,  these  rocks  show  many  points  of  resemblance  to  the 
syenite-gneisses  of  the  Du  Lievre  region.  If  the  view  held  by  Lawson  as 
to  the  origin  of  the  Rainy  Lake  rocks  is  sustained,  however,  they  should 
be  called  gneissoid  syenites. 

Origin  op  the  ellipsoidal  Structure. 

oenbral  hypotheses. 

Recognizing  the  intrusive  character  of  the  rock,  in  seeking  an  explana- 
tion of  the  peculiar  ellipsoidal  structure  two  hypotheses  suggest  them- 
selves : 

A.  That  it  is  primary  and  represents  diflTerentiation  of  the  magma ;  or, 

B.  That  it  is  secondary  and  due  to  dynamic  movements  subsequent  to 
solidification. 

In  applying  any  theory  to  the  phenomena  in  question  we  have  to  con- 
sider its  competency  to  explain — 

1.  Tlie  interstitial  arrangement  of  the  aug^ite  about  the  ellipsoidal  masses ; 

2.  The  gradation  between  this  and  the  segregated  lumps  and  crystals  in  the 
coarsely  crystallized  rock  on  the  one  hand,  and  the  parallel  arrangement  of  the 
i<treaked  gneiss  on  the  other ; 

3.  The  presence  of  the  gneissic  microstructure  and  the  progressively  greater 
^rmnulation  of  the  constituents  as  we  proceed  from  the  least  to  the  most  distinctly 
^eiflsoid  forms; 


*  Not«9i  on  the  microscopical  character  of  some  rocks  ftrom  the  counties  of  Quebec  and  Mont- 
morency, Canada.    Number  14a,  p.  9. 
t  A.  G.  Lawson :  Annual  Rept.  Geol.  Survey  of  Canada,  1887-88,  vol.  iii,  part  1,  p.  120  F. 
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4.  The  transverse  arrangement  of  the  aogite  and  manner  of  cryetallisation  of  all 
the  constituents  of  the  interstitial  granular  bands ; 

5.  The  concentric  arrangement  of  the  lumps  and  bands  about  inclosed  masses  of 
apatite  or  pyroxenite ; 

6.  The  occurrence  of  the  apatite  usually  in  a  more  or  less  crushed  condition,  bat 
exceptionally  in  lai^ge  crystals  imbedded  in  the  leopard  rock ;  and 

7.  The  abrupt  transition  between  the  different  phases  in  their  fteld^relations. 

PRIMARY  ORIGIN. 

Differenliation  af  the  coarse  ayeaite. — If,  as  seems  probable,  the  ooaree 
feldspathic  rock  represents  very  nearly  the  character  of  the  rock  at  the 
time  of  consolidation  from  the  original  magma,  it  is  evident  that  in 
places  differentiation  had  proceeded  to  a  considerable  extent  at  the  time 
of  crystallization.  The  crystallization  of  the  pyroxene  appears  to  have 
been  often  well  advanced  before  that  of  the  feldspar  began.  A  consid- 
erable proportion  of  the  pyroxene,  however,  occurs  in  large  grains  and 
aggregates  in  allotriomorphic  development  with  the  feldspar.  In  seek- 
ing an  explanation  of  this  tendency  of  the  pyroxene  to  become  segre- 
gated, two  views  suggest  themselveR  : 

a.  That  it  represents  a  primary  differentiation  of  the  molten  magma; 
or, 

h.  That  it  U  due  to  the  fusion  and  recrystallization  of  included  frag- 
ments of  the  pyroxenite. 

In  regard  to  the  first  view  (a),  if  this  tendency  on  the  part  of  the  con- 
stituents toward  segregration  represents  a  primary  differentiation  of  the 
magma,  it  would  seem  to  accord  better  with  the  more  generally  accepted 
theory  that  differentiation  has  taken  place  when  the  magma  was  quite  fluid 
than  with  that  which  supposes  it  to  take  place  by  crystallization,  mechan- 
ical accumulation  and  reliquefication.  According  to  Professor  Iddings,* 
a  study  of  the  chemical  character  of  rocks  shows  that  the  differentiation 
of  molten  magmas  is  not  according  to  stoichrometric  proportions,  and  is 
therefore  not  a  mineralogic  differentiation.  As  to  the  method  by  which 
concentration  has  taken  place,  two  views  have  been  expressed :  (1)  that 
it  is  due  to  molecular  diffusion,  according  to  Soret's  principle,  advocated 
by  Vogt,t  Brogger  J  and  others ;  and  (2)  that  it  is  the  result  of  liquation 
as  advocated  by  Durocherg  and  Backstrom.  || 

If,  according;  to  Soret's  principle,  the  differentiation  of  the  magma  be 
re:;arded  as  due  to  differences  of  temperature,  then,  in  order  to  explain 
the  lumpy  segregation  of  the  coarse  gtained  rock,  it  may  be  necessary 

•  J.  p.  IddingB :  The  Origin  of  Igneous  Rooks.    Bull.  Phil.  Soo.  Wash.,  toI.  xll,  p.  152. 
t  J.  H.  L.  Vogt :  Qeol.  Pdren,  i.  Stockholm  Pdrhaud.,  vol.  14,  May,  1891.  p.  476.    Revieved  br  J.  J. 
H.  Tenll  in  the  aeol.  Mag ,  Peb.,  1882.    Zeitsohr.  f.  praki.  OeoK,  180X,  p.  Sf73. 
X  W.  C.  Rrdgger :  Zeitschr  f.  Krynt  n.  Min.,  Leipslg,  toI.  16, 18B0. 
I  J.  Durocher:  \nn.  d«s  Mines,  Parin,  yol.  II,  1857,  pp.  217-259. 
I  H.  Brickstrom  :  Jour.  Oeol.,  vol.  1, 1893,  p.  773. 
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to  adopt  Brogger's  suggestion  that  a  partial  crystallization  of  the  feld- 
spar set  in  at  the  same  time  that  the  segr^ation  of  the  basic  ingredients 
was  taking  place.  Backstrom  considers*  that  the  formation  of  basic  in- 
clusions by  diffusion  is  improbable,  since  there  can  be  no  difference  in 
temperature  between  these  and  the  surrounding  magma. 

The  second  view  (6),  that  the  basic  segregations  may  be  due  to  the  re- 
crystallization  of  fused  portions  of  the  pyroxenite,  is  not  improbable^ 
though  evidence  of  this  is  not  at  hand.  The  occurrence  of  inclosures  of 
the  pyroxenite  in  the  syenite-gneiss  is  frequently  observed.  These,  how- 
ever, usually  retain  more  or  less  angular  contours  and  do  not  appear  to 
have  suffered  very  much  from  fusion.  Professor  Lawson  has  described  t 
inclosures  of  hornblende  schist  in  the  Laurentian  gneiss  from  the  Rainy 
Lake  region,  which  occur  in  sharply  angular,  subangular  or  somewhat 
rounded  blocks,  or  as  more  or  less  attenuated  bands  drawn  out  parallel 
to  the. foliation  of  the  gneiss  and  confused  with  it.  He  finds  evidence  of 
total  or  partial  fusion  and  recrystallization  to  such  an  extent  often  as  to 
admit  of  the  deformation  of  the  fragments  and  their  being  drawn  out  into 
lenses.  He  thinks  that  where  the  magma  had  higher  temperatures  the 
inclosures  were  entirely  absorbed,  leaving  no  trace  of  their  existence 
except  a  more  basic  local  facies  of  the  gneiss. 

Differentiation  of  the  eUipsoidcd  rock. — On  the  assumption  of  a  primary 
origin  it  may  be  held  that  the  distribution  of  the  pyroxene  in  the  ellip- 
soidal rock  represents — 
a.  A  molecular  differentiation  of  the  original  magma,  or 
6.  That  it  is  due  to  the  movement  of  a  partially  differentiated  magma. 
In  considering  the  first  view  (a)  two  hypotheses  present  themselves : 
In  the  first  hypothesis  (I),  which  attempts  to  explain  by  Soret's  prin- 
ciple the  peculiar  distribution  of  the  basic  minerals  in  the  ellipsoidal  rock, 
there  arises  at  the  outset  great  difficulty  in  conceiving  conditions  that 
would  give  a  difference  of  temperature  between  the  feldspathic  lumps 
and  the  interstitial  pyroxene  bands.     Moreover,  the  presence  of  the 
gneissic  structure  would  seem  to  render  this  view  improbable. 

In  the  second  hypothesis  (II),  based  on  the  liquation  theory,  it  may  be 
a^ssumed  that  there  has  been  a  separation  of  the  magma  into  layers  of 
different  composition,  and  that  owing  to  some  disturbance  they  were 
broken  up  and  subsequently  crystallized  in  the  forms  observed.  This, 
however,  is  considered  improbable  from  the  relations  of  the  coarse  grained 
and  ellipsoidal  varieties  and  the  absence  in  the  former  of  any  indications 
of  differentiation  in  layers  such  as  the  theory  might  lead  one  to  expect. 
Moreover,  the  presence  of  the  gneissic  structure  seems  to  preclude  any 

•  Jour.  6«ol.,  Tol.  1,  p.  777. 

t  A.  C.  LnwBon :  ADoa«l  Report  Oeol.  Surrey  of  Canada,  1887-*88,  new  aeries,  toI.  ill,  part  1,  p.  130  F. 
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view  which  does  not  take  into  consideration  the  movement  of  the  magms 
during  or  following  its  differentiation. 

According  to  the  second  view  (6),  the  gneissic  structure  is  regarded  ai 
the  result  of  the  conditions  attending  the  intrusion  and  consolidation  of 
the  igneous  magma.  Professor  Lawson  considers  *  that  he  has  abundant 
evidence  to  show  that  the  granite  and  syenite-gneisses  of  the  Ijaurentian 
were  plutonic  rocks  which  crystallized  slowly  from  a  thickly  viscid. 
tough,  hydrothermal  magma.  Up  to  the  time  of  its  final  solidification 
this  magma  is  supposed  to  have  been  subjected  to  differential  pressures, 
which  produced  a  flow  in  the  mass  to  which  the  foliation  of  the  gneiss 
is  ascribed.  Geikie  and  Teall  have  described  f  a  gabbro  in  which  there 
appears  a  banded  structure  almost  identical  with  that  of  the  Lewisian 
gneiss.  This  is  regarded  as  inexplicable,  either  on  the  hypothesis  of 
differentiation  in  situ  or  on  that  of  successive  intrusions,  but  is  thought 
to  have  been  produced  by  the  deformation  of  a  heterogeneous  magma 
during  intrusion. 

In  applying  this  view  of  the  development  of  the  gneissic  structure  to 
the  ellipsoidal  rock,  two  hypotheses  are  suggested  based  on  the  assumj)- 
tions  that  may  be  made  as  to  the  character  of  the  differentiation. 

If  in  the  first  of  these,  which  should  be  designated  hypothesis  III,  we 
assume,  as  in  the  second  hypothesis,  a  differentiation  of  the  magma  by 
liquation  into  lumps  of  feldspathic  material  sepai:ated  by  thin  layers 
of  basic  material,  then  with  a  gradual  movement  of  the  magma  it  is  evi- 
dent that  the  forms  would  be  drawn  out  more  and  more  until  the  con- 
stituents became  arranged  in  parallel  bands.  It  is  obvious  that  on  the 
final  solidification  of  the  rock,  a  structure  would  result  comparable  ia 
many  respects  with  that  of  the  leopard  rock.  As  against  this  explana- 
tion, however,  we  have  the  following  considerations : 

1.  The  apparently  cataclastic  character  of  the  gneissic  structure  aud  crystallia- 
tion  ap(>earing  in  places.  In  the  coarse  grained  rock  granular  bands  occur  as  tliin 
seams,  like  recementod  cracks,  separating  the  rock  into  coarse  grained  patches. 
Tliese  seams  are  sometimes  too  thin  to  be  readily  detected  on  the  surface  of  the 
rock,  but  under  the  microscope  show  as  narrow,  sharply  defined  bands  of  granular 
microcline,  fresh  plagioclase  feldsi>ar  and  pyroxene  inclosing  the  coarsely  crystal- 
lized areas  of  microcline.  These  granular  bands  become  more  pronounced  and 
regular  in  the  elliiJsoidal  gneiss,  where  they  constitute  a  well  marked  band  between 
the  feldspathic  lumps,  with  larger  grains  of  pyroxene  distributed  in  a  line  along 
the  middle  of  the  granular  groundmass.  In  the  streaked  gneiss  the  ix)ck  becomes 
granular  throughout,  though  even  here  quite  larj^e  grains  of  microcline  often  appear 
in  the  feldspathic  bands. 

2.  The  character  of  the  coarse  grained  rock  and  the  absence  of  any  indication  in 
it  of  the  kind  of  differentiation  assumed.    If  a  regular  lumpy  aggregation  may 

*  A.  C.  Lawson :  Ann.  RepH  Qeol.  Survey  of  Canada,  l887-*88,  new  Beries,  vol.  iil,  pari  1,  p.  139  ^' 
fSir  A.  Geikie  and  J.  J.  U.  Teall:  Banded  Structure  of  some  Tertiary  Gabbros  in  the  Isle  of 
Skye.    Quart.  Jour.  Geol.  Soc.,  Nov.,  1894,  p.  645. 
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occur  aa  a  t«8all  of  priiriAry  differentiation,  then  it  would  frequently  uliai'acterize 
intrusive  muMd,  either  with  or  without  the  presence  of  a  gneisaic  structure.  The 
absence  of  obeervations  in  support  of  this  is  proof  preemnptive  that  it  does  not 

3.  The  relation  of  the  ellipsoids  and  pyroxene  bands  to  the  inclosed  apatite 
crystals  and  masses.  Their  concentric  arrangeoient  about  the  apatite  indicates 
that  the  formation  of  the  apatite  antedated  the  development  of  the  gneissic 
siracture.  The  difficulties  in  the  way  of  considering  that  the  formation  of  the 
apatile  deposits  look  place  in  the  original  magma  are: 

a.  Their  large  sixe.  The  deposits  vary  from  a  few  inches  in  cross-eection  to 
sei-eral  feet,  and  often  extend  many  feet  in  horizontal  and  vertical  directions.  The 
crystals  are  frequently  several  inches  in  diameter.  The  larger  crystals  usually  occur 
in  pockets  in  the  pyroxenite,  associated  with  pink  calcite,  mica,  etcetera.  A  crys- 
tal obtained  at  tlia  Emerald  mine,  on  the  Du  Lievre,  and  exhibited  at  the  London 
Kipoaition  in  I8S6,  measured  IS2J  inches  in  circumference  and  weighed  5S0  pounds.* 
Crystals  one  to  two  inches  in  diameter  frequently  occur  in  the  granular  deposits. 
In  pit  number  11  at  High  Rock,  a 

crystal  five  or  six  inches  in  diameter 
was  observed  in  an  inaccessible  part 
uf  the  wall  imbedded  in  the  ellip- 
soidal rock. 

b.  Tbdr  inclusions.  Doctor  Hunt 
noted  rounded  crystals  of  quartz  and 
carbonate  of  lime  as  inclusions  in  the 
Ainlite.t  Similar  observations  were 
made  by  Emmons,^  while  Harrington 
BtateaJ  that  the  apatite  crystals  fre- 
tjuentiy  inclose  ca1i'il«,  pyroxene, 
phlogopite,  zircon,  ephenc,  fluorspar 
ind  pyrile.  Wliileitcannot  be  posi- 
tively asserted  that  these  inclusions 
rliaroclerize  the  crystals  imbedded  in 
tlie  e1U[Haidal  rock,  the  correspond- 
ence between  these  crystals  and  the 
other  deposits  as  to  their  occurrence 
bvoTS  the  supposition  that  they  had 
a  siinilar  origin. 

c.  The  rounded  outlines  of  the  apatite  crystals.  This  feature  of  the  apatite  crys- 
tals of  the  LAUientian  veinstones  was  regarded  by  Emmons  {|  as  due  to  partial  (Usion, 
while  Hunt1[  considered  them  to  be  the  result  of  the  solvent  action  of  the  heated 
watery  solutions  from  which  they  were  supposed  to  have  been  deposited.  Tlie 
appearance  of  rounded  angles  on  crystals  found  in  cavities  in  the  pyi-oxenite  seems 
to  &vor  the  latter  view. 


•  DucriptlTS  Catalogue  of  tlie  Eci 
tT.J.HunI:  asolour  of  CantHlii,  ISM,  p.  203. 
I  B  Emmani :  aea\anj  al  the  Flnl  DIslrlcl  of  N 
IB.).  HaninKEon :  Gaol.  Surrey  of  Canada,  isn- 
|E.Emmoiu:  OboIoet  ofttie  First  Dlalrlot  of  N 
IT.  J.  Hnnt:  Chemical  aDd  Gtolojtla a]  Esnyi  (1 
XVIK-Bnu  Qwau  Sac  Ah.,  Vol.  T.  18». 
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d.  The  crushed  condition  of  the  apatite.  The  stnalier  deposits  are  generally  more 
or  less  reduced  to  a  granular  condition.  Often  the  peripheral  portion  is  granalar, 
while  the  interior  consists  of  coarse  grains  and  fragments  of  crystals,  with  fiue 
granular  apatite  filling  the  interstices. 

Hypothesis  IV  assumes  that  the  heterogeneous  character  of  the  magma 
was  due  to  the  fusion  of  inclosed  fragments  of  the  pyroxenite  and,  owing 
to  the  differential  movement  of  the  mass,  the  absorbed  material  became 
distributed  in  the  magma  and  crystallized  in  the  form  observed. 

The  presence  of  inclosures  of  pyroxenite  in  the  syenite-gneiss  has  been 
referred  to.    In  specimen  140  a  somewhat  rounded,  subangular  mass  of 
pyroxenite  appears  in  contact  with  the  ellipsoidal  gneiss.    In  some  places 
the  line  of  contact  is  well  defined,  but  in  others  it  is  not.    Under  the 
microscope,  however,  the  boundary  is  quite  sharp  and  marked  on  the 
pyroxenite  side  by  an  abundance  of  scapolite  (wernerite),  while  no  trace 
of  this  mineral  appears  in  the  ellipsoidal  areas.    However,  the  pyroxene 
bands  of  the  latter,  which  are  cut  off  by  the  line  of  contact,  are  much 
more  prominent  adjoining  the  pyroxenite,  gradually  diminishing  in  thick- 
ness away  from  the  boundary.    Another  instance  is  seen  in  specimen  153, 
not  elsewhere  described.     In  this  there  appears  an  irregular  fragment  of 
pyroxenite  inclosed  in  the  ellipsoidal  rock.    The  structure  of  the  latter 
is  somewhat  obscure.    The  pyroxene  appears  more  abundant  in  the  vi- 
cinity of  the  inclosure.     Indications  of  orographic  agencies  subsequent 
to  the  development  of  the  ellipsoidal  structure  appear  in  the  schistosity 
of  the  rock  and  the  presence  of  narrow  bands  of  feldspathic  material  and 
rather  large  plates  of  biotite,  which  extend  continuously  across  both  the 
ellipsoidal  rock  and  the  pyroxenite.    According  to  this  hypothesis  the 
apatite  may  be  considered  to  have  been  derived  from  the  pyroxenite  and 
become  more  or  less  crushed  and  drawn  out  before  the  rock  became 
wholly  solidified.    This  hypothesis  appears  to  be  sustained  by  a  number 
of  considerations.    The  greater  abundance  of  pyroxene  in  the  vicinity  of 
the  inclosed  masses  of  pyroxenite  seems  to  indicate  a  partial  absorption 
of  the  latter.    The  occurrence  of  interstitial  pyroxene  in  greater  abun- 
dance in  certain  areas  in  the  ellipsoidal  gneiss  may  indicate  the  position 
of  smaller  inclosures  which  have  been  entirely  absorbed.    Moreover,  the 
character  and  condition  of  the  apatite  inclosures  seem  to  favor  this  view. 
On  the  other  hand,  however,  difficulties  are  encountered  when  we  attempt 
to  explain  by  this  process — 

The  shell-like  distribution  of  the  absorbed  pyroxenic  material  prior  to 
solidification,  and 

The  apparent  cataclastic  character  of  the  gneissic  structure. 

That  a  more  or  less  completely  banded  structure  may  be  produced  in 
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this  way,  as  claimed  by  Lawson  *  is  probably  true,  but  whether  the  basic 
material  may  be  so  distributed  as  to  crystallize  out  in  the  form  shown  in 
the  ellipsoidal  gneiss  is  doubtful. 

While  the  argument  drawn  from  the  character  of  the  gneissic  struc- 
ture is  not  beyond  question,  it  is  strongly  presumptive  against  the  primary 
origin  of  the  ellipsoidal  structure. 

SECONDARY  ORIGIN, 

In  attempting  to  explain  the  ellipsoidal  structure  by  appealing  to 
dynamic  processes  (hypothesis  V),  it  is  necessary  to  consider  (1)  the 
character  of  the  original  rock  and  (2)  the  agencies  and  their  mode  of 
operation. 

The  character  of  the  original  rock,  as  inferred  from  the  coarse  grained 
variety,  was  evidently  peculiar.  Its  heterogeneous  character  is  indicated 
by  the  tendency  of  the  feldspar,  pyroxene  and  quartz  to  appear  in  large 
grains,  lumps  and  segregations.  In  some  cases,  however,  the  rock  has 
an  even,  granular  structure  and  consists  of  feldspar  and  pyroxene  quite 
uniformly  distributed.  In  places  the  rock  is  mostly  coarse  feldspar,  with 
scattering  grains  and  small  aggregates  of  pyroxene.  In  other  places  the 
pyroxene  occurs  in  much  greater  amount,  both  as  crystals  of  various 
sizes  and  aggregates  of  grains,  apparently  constituting  from  15  to  20  per 
cent  of  the  rock.  In  general  the  irregular  pyroxene  aggregates  vary  from 
the  size  of  millet  seeds  up  to  marbles,  rarely  larger.  They  usually  in- 
close more  or  less  feldspar  in  small  grains  ;  also  pyrite  and  titanite.  In 
areas  showing  a  large  amount  of  pyroxene  the  latter  sometimes  appears 
in  idiomorphic  grains,  of  large  size,  inclosed  in  the  raicrocline.  They  also 
appear  at  times  in  the  quartz  areas.  In  the  specimens  showing  a  uniform 
di.stribution  of  feldspar  and  pyroxene,  idiomorphic  forms  of  the  latter 
were  not  seen. 

Wliile  the  arrangement  and  mode  of  crystallization  of  the  constituents 
seem  to  indicate  partial  differentiation  of  the  original  magma,  it  is  not 
improbable  that  some  of  the  p)'roxene  was  derived  from  the  inclosures  of 
the  pyroxenites,  as  already  suggested. 

The  agencies  which  may  be  appealed  to  as  effecting  the  changes  ob- 
served are  those  usually  classed  under  the  head  of  dynamic  meta- 
morphisra.  These  may  be  conceived  to  have  effected  the  crushing  of 
the  coarse  grained  syenite,  accompanied  by  solution,  recrystallization 
and  rearrangement  of  the  constituents  under  the  influence  of  water,  and 
probably  also  of  heat.  The  variation  in  the  extent  of  the  structural 
alteration  may  be  due  to  the  different  attitudes  of  the  inclosing  rocks- 
It  will  scarcely  be  denied  that  certain  portions  of  the  intrusive  mass 

*k.  C.  Lawsoo :  Ann.  Rep*t  Geol.  Survey  of  Canada,  1887-88,  new  aeries,  vol.  iii,  part  1,  p.  134  F. 
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would  be  called  upon  to  sustain  a  much  greater  pressure  than  others, 
while  some  parts  might  escape  almost  wholly.  With  the  breaking  of 
the  rock  under  the  influence  of  strain  there  would  be  more  or  less  pul- 
verization of  the  minerals  along  the  sides  of  the  crack.  This  would  favor 
the  chemical  action  of  percolating  waters.  With  the  recrystallization  of 
the  constituents  taken  into  solution  the  crack  would  become  healed. 
This  may  be  conceived  as  taking  place  (1)  by  partial  solution  of  the 
powder,  with  a  secondary  enlargement  of  the  remaining  portions ;  or  (2) 
by  complete  solution  and  recrystallization  of  the  pulverized  material. 
In  either  case  the  filling  would  be  fine  grained,  since  even  if  wholly  re- 
crystallized  the  process  would  probably  go  on  synchronously  with  the 
movement  of  the  rock.  Evidence  that  this  process  has  taken  place  at  a 
later  date  is  sometimes  seen  in  the  presence  of  healed  cracks  cutting 
across  the  banding. 

With  increasing  pressure  the  rock  may  be  reduced  to  a  coarsely  frag- 
mental  condition,  and  if  the  process  were  stopped  at  this  stage  the  result 
would  probably  be  a  mass  of  irregular  fragments,  cemented  together  bv 
fine  grained  interstitial  material.  The  pyroxene  within  reach  of  the 
percolating  waters  would  be  dissolved  to  a  greater  or  less  extent,  and  on 
subsequent  recrystallization  would  appear  in  grains  marking  the  spaces; 
occupied  by  the  solutions.  The  relative  solubility  of  pyroxene  and  feld- 
spar under  the  conditions  here  postulated  is  unknown.  The  relative 
eflFects  of  weathering,  however,  are  well  shown  by  the  manner  in  which 
the  pyroxene  decays  on  exposed  surfaces  of  the  ellipsoidal  rock,  leaving 
sharp  trenches  surrounding  the  feldspathic  portions.  Since  basic  min- 
erals melt  at  somewhat  lower  temperature  than  the  acidic,  it  may  be 
supposed  that  the  temperature  of  the  rock  became  sufficiently  great  to 
melt  the  pyroxene,  but  not  the  feldspar.*  While  the  convoluted  forms 
assumed  by  the  ellipsoids  are  suggestive  of  plasticity,  it  is  scarcely  prob- 
able that  the  heat  has  ever  reached  the  point  indicated.  This  is  inferred 
(1)  from  the  occurrence  occasionally  of  crystals  of  augite,  which  are  ap- 
parently original,  inclosed  in  grains  of  microcline  in  the  ellipsoidal  areas; 
and  (2)  from  the  consideration  that  if  the  heat  is  due  to  the  shearing 
movement  of  the  rock,  as  generally  conceived,  it  must  be  generated 
slowly,  and  hence  would  probably  be  dissipated  nearly,  if  not  quite,  as 
rapidly  as  it  is  produced. 

As  the  ellipsoids  became  more  and  more  flattened  the  interstitial 
pyroxene  bands  would  assume  a  parallel  arrangement,  as  in  the  case  of 
other  similar  gneissoid  structures.! 

In  support  of  the  hypothesis  of  dynamic  origin  we  note : 

•  J.  G.  Goodchild :  Oeol.  Mag.,  new  aeries,  Dec.  IV,  toI.  ],  no.  1,  Jan.,  1894,  p.  23. 
t  F.  Zirkel :  Lehrbuch  der  Petrographie,  band  iii,  p.  206. 
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1.  The  gneissic  character  of  the  microstnicture  as  traced  from  the  coarse  grained 
through  the  ellipsoidal  to  the  streaked  varieties.  The  augen-stnicture  represented 
in  specimen  number  160  is  clearly  typical  of  the  results  usually  credited  to  dynamic 
movements.  Inasmuch  as  this  appears  to  be  merely  a  special  development  of  a 
p«)rtion  of  the  rock  liaving  little  or  no  augite,  it  would  not  seem  unwarranted  to 
infer  that  the  agencies  operating  here  affec^ted  other  portions  of  the  rock  as  w^ell, 
and  hence  that  the  development  of  the  gneissic  structure  was.  in  both  cases  refer- 
able to  the  same  agencies. 

2.  The  evidence  of  recrystallization  of  the  granular  areas.  This  appears  not 
only  in  the  irregular  interlocking  outline  of  adjacent  grains,  but  the  frequent  pres- 
ence of  fresh  plagioclase  feldspar  as  a  cement  for  the  other  constituents  and  the 
development  of  hornblende  in  idiomorphic  forms  in  the  more  gneissoid  rock. 

3.  The  indication  of  dynamic  action  as  shown  (a)  by  the  fracturing  of  the  augite 
and  microcline  grains,  and  {h)  the  indication  of  strain  appearing  in  the  bending  of 
the  microcline  lamellse,  accompanied  by  undulatory  extinction  and  the  develop- 
ment of  polysynthetic  twinning  of  the  pyroxene.  These  phenomena  are  chiefly 
confined  to  the  coarse  grained  rock,  and  even  here  are  not  pronounced.  It  may 
be  that  some  of  them  are  due  to  movements  subsequent  to  the  development  of  the 
fnieiasic  structure.  The  appearance  of  strain  in  the  microcline,  however,  in  certain 
cases  (page  116)  seems  rather  to  be  connected  with  the  production  of  the  gneissic 
fstnictiire.  This  is  true  also  in  certain  cases  in  the  breaking  of  the  pyroxene 
grains,  but  in  general  neither  pyroxene  nor  microcline  furnish  any  evidence  as  to 
wluit  proportion,  if  any,  of  the  granular  materials  represent  fragments  of  the  orig- 
inal minerals. 

4.  The  character  and  relations  of  the  inclosed  apatite.  The  significance  of  these 
deposits  lies  in  their  generally  crushed  condition.  The  crushed  appearance  of  the 
apatite  is  more  pronounced,  so  far  as  the  limited  data  at  hand  shows,  in  the  de- 
posits occurring  in  the  streaked  gneiss  than  in  those  in  the  coarser  rock.  In  places 
where  the  gneissic  structure  of  the  rock  is  imperfectly  developed,  the  crushing  of 
the  apatite  likewise  appears  incomplete.  The  mass  is  made  up  of  rather  coarse 
fragments,  with  granular  apatite  filling  the  interstices.  In  some  cases  (page  107) 
the  maas  is  intersected  by  thin  seams  of  feldspathic  material  extending  in  from  the 
walls  and  continuous  with  the  surrounding  layer.  Often  the  deposit  is  reduced 
almost  wholly  to  a  granular  condition.  These  granular  deposits,  called  sugar  apa- 
tite, are  sometimes  of  considerable  extent,  as  noted  by  Professors  Penrose  *  and 

Harrington.t 

Professor  Penrose  says:  "The  granular  variety  known  as  sugar  apatite  is  of  a 
white  or  pale  green  color  and  looks  like  coarse  sand,  more  or  less  coherent.  *  *  * 
It  is  one  of  the  purest  forms  of  apatite  mined.  It  is  uncertain  what  could  have 
caused  the  apatite  to  assume  this  granular  condition." 

Professor  Harrington  states  that  '*  though  at  some  localities  the  apatite  occurs 
chiefly  in  crystals,  at  others  it  is  wholly  or  almost  altogether  massive,  varying  from 
compact  or  crypto-crystalline  to  coarse  granular.  Frequently  also  it  exhibits  a  dis- 
tinct lamellar  texture.  A  friable  saccharoidal  variety  is  very  common  and  often 
termed  '  sugar  phosphate.'  When  white  it  is  sometimes  difiicult  to  distinguish  by 
the  eye  from  some  forms  of  quartz  sandstone.  *  *  *  Crystals  are  sometimes 
iml)edded  in  this  granular  apatite,  and  frequently  also  rounded  masses  of  apatite 


*R.  A.  F.  Penrose :  Bull.  46,  U.  8.  Oeol.  Surv.,  p  88. 
t  B.  J.  Harrington :  Geol.  Survey  of  Canada,  p.  14  O. 
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up  to  many  inches  in  diameter.    Similar  masses  of  pyroxene  as  well  as  crystals 
are  also  sometimes  imbedded  in  the  apatite." 

It  is  also  worthy  of  note  that  the  form  of  the  deposits  in  both  gneiss  and  pyrox- 
enite  is  stronfi:ly  suggestive  of  crushing  and  squeezing.  This  was  remarked  by 
Harrington,*  who  says:  ''The  apatite  masses  look  as  if  they  had  been  driven  or 
squeezed  into  the  curious  forms  which  they  now  present  during  the  folding  or 
crumpling  of  the  enclosing  rock.*' 

The  explanation  of  the  large  apatite  crystal  (pages  103, 127)  in  the 
leopard  rock  is  not  without  difficulty.  One  or  two  instances  only  were 
observed  and  we  have  no  information  that  they  ever  occur  in  the  streaked 
gneiss.  From  the  manner  in  which  the  ellipsoids  and  bands  of  the  gneiss 
arrange  themselves  concentrically  about  the  apatite,  it  is  clear  that  the 
crystallization  of  the  apatite  took  place  prior  to  the  development  of  the 
gneissic  structure. 

Four  views  may  be  suggested  to  account  for  the  apatite  crystal  in  \\s 
present  position : 

1.  That  it  crystallized  out  of  the  original  magma  before  the  solidification  of  the 
latter.  From  the  relations  of  both  the  crystallized  and  granular  deposits  of  apatite 
occurring  in  the  syenite-gneiss,  it  is  evident  that  an  explanation  that  will  account 
for  the  presence  of  one  must  apply  also  to  the  other.  We  have  considered  already 
the  objections  to  the  view  of  the  formation  of  these  deposits  in  the  original  magnm 
(page  127).  These  are  the  large  size  of  the  crystals,  their  inclusions  and  roandeil 
outlines,  and  the  extent  and  more  or  less  crushed  condition  of  the  deiMMits. 

2.  That  it  is  due  to  segregation  and  crystallization  after  the  solidification  of  the 
rock.  The  belief  is  expressed  by  Harrington  in  the  report  above  cited  that  in 
many  cases  there  has  been  a  segregation  of  apatite  and  other  minerals  which  ac- 
company it  from  the  surrounding  rock  into  irregular  or  lenticular  masses  without 
any  true  cavity  or  crevice  having  ever  existed.  The  growth  of  crystals  by  replace- 
ment in  situ  has  been  noted  by  various  observers. t 

Indications  of  such  development  appear  in  the  small  hornblende  crystals  occar- 
ring  in  the  streaked  gneiss,  as  described  in  another  part  of  this  paper  (page  11$}- 
The  development  of  large  crystals  by  this  process,  however,  has  not  been  demon- 
strated and  is  considered  improbable. 

3.  The  third  view  is  that  they  were  deposited  in  a  cavity  in  the  syenite  prior  to  the 
development  of  tlie  gneissic  structure.  The  objection  to  this  hypothesis  lies  in  the 
difficulty  of  accounting  for  the  obliteration  of  the  cavity  without  crushing  the  apa- 
tite. It  may  be  supposed  that  the  cavity  was  large  in  proportion  to  the  size  of  the 
crystal  and  di<l  not  become  closed  at  once  but  gradually,  and  that  by  the  time  the 
walls  had  closed  in,  the  surrounding  rock  had  become  sufficiently  plastic  to  adjust 
itself  about  the  crystal  without  breaking  it.  The  objections  to  the  view  thattlie 
rock  had  reached  such  a  condition  of  plasticity  have  been  considered  (page  130). 
Moreover,  the  former  presence  of  a  cavity  should  be  indicated  by  an  irregularity 
in  the  arrangement  of  the  ellipsoids  about  the  apatite,  which  does  not  appear  to 
be  the  case,  though  the  observations  upon  this  point  were  not  conclusive. 

*  B.  J.  Harrington :  Qeol.  Survey  of  Canada,  Report  O.  p.  7. 
t  C.  R.  Van  Hise :  Am.  Jour.  Sci.,  3d  ser.,  rol.  33, 1887,  p.  38S. 
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4.  The  fourth  view,  and  probably  the  correct  one,  is  that  the  apatite  Was  formed 
in  cavities  in  the  pyroxenite,  and  that  it  became  inclosed  in  tlie  syenite  during  the 
intrusion  of  the  latter.  The  objection  to  this  view,  as  in  the  preceding,  lies  in  the 
diffinilty  of  accounting  for  the  preservation  of  its  crystallographic  form.  However, 
9s  the  ellipsoidal  rock  evidently  represents  an  early  stage  in  the  development  of 
the  gneissic  structure,  it  is  probable  that  the  differential  movement  at  this  ix>int 
was  not  so  great  but  that  the  crystal  was  able  to  withstand  the  strain. 

SIMILAR  STEUCTUBES  IN  OTHER  ROCKS. 

Analogous  structures  in  mica-gneisses  are  well  known.  A  variety  called 
stengeliger-gneiss  (wood-gneiss),  according  to  Zirkel,*  is  characterized  in 
some  cases  by  bands  of  mica  winding  about  the  stalk-shaped  or  wreath- 
shaped  feldspar-quartz  masses,  so  that  these  are  inclosed  on  all  sides  by 
the  mica  layers.  On  cross-fracture,  therefore,  these  will  show  discoidal, 
ellipsoidal,  elongated,  roundish,  trapezoidal  figures  formed  by  the  mica 
bands.  Up  to  this  point  the  description  applies  very  well  to  the  Ottawa 
occurrences,  except  in  the  character  of  the  mineral  forming  the  bands. 
Beyond  this,  however,  the  analogy  fails,  as  further  alteration  produces 
aa  asbestos-like  structure  which  has  no  counterpart  in  the  rocks  under 
consideration. 

Rothpletz  has  noted  f  a  structure  analogous  to  that  here  described  in 
the  greenstone-schists  (actinolite-schists)  of  Hainchen,  and  Williams  J 
from  northern  Michigan.  Both  of  these  observers  ascribe  it  to  breccia- 
tion  in  situ,  while  the  former  explains  the  rounded  character  of  the  frag- 
ments and  the  production  of  much  of  the  interstitial  material  by  the 
rubbing  together  under  the  action  of  much  orographic  pressure  of  a  mass 
already  finely  subdivided  by  cracks.  Lawson  has  described  similar 
occurrences  in  the  Lake  of  the  Woods  region.  § 

Conclusion. 

Reviewing  now  the  different  hypotheses  in  the  light  of  all  the  evidence 
available,  it  is  apparent  that  no  one  of  them  seems  to  offer  a  full  and 
adequate  explanation.  The  ellipsoidal  and  the  gneisaic  structure  in 
these  rocks  are  clearly  closely  related  in  origin,  and  any  conclusion  affect- 
ing the  one  has  a  direct  bearing  upon  the  other.  Our  knowledge  of  the 
processes  by  which  the  ancient  gneisses  were  formed  is  extremely  limited. 
That  they  may  be  formed  by  dynamic  processes  has  long  been  recog- 
nized, and  it  is  now  well  established  that  a  laminated  structure  com- 
parable to  that  of  the  gneisses  may  be  produced  in  deep-seated  igneous 

^Lahrbach  der  Peirographie,  band  iif,  p.  203. 

t  Zeltochrift  der  deutach  geology  QeselL,  toI.  31,  pi.  Ix,  z,  1879,  pp.  374-387. 

I  Ball.  (B,  U.  S.  Geol.  Sanrey,  ISOO,  pp.  166-177. 

IQeoL  sod  Nst  HIbL  Surrey  of  Canad*,  Ann.  Rep.,  188ft,  Rep.  CC,  p. .61. 
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rocks  as  the  result  of  the  conditions  attending  their  intrusion.  In  conse- 
quence of  the  constitutional  changes  which  appear  to  take  place  in  rocks 
when  subjected  to  great  orographic  pressure,  it  becomes  in  many  cases 
extremely  difficult,  if  not  impossible,  to  distinguish  between  the  two 
kinds  of  gneisses.  Moreover,  our  knowledge  of  the  cause  of  differentia- 
tion of  igneous  magmas  is  as  yet  little  more  than  a  speculation,  but  that 
the  nature  of  this  original  differentiation  conditions  in  part  the  character 
of  the  structure  resulting  from  subsequent  processes  is  obvious. 

While  in  many  respects  incomplete,  involving,  as  it  does,  much  that  is 
as  yet  little  understood  in  the  metamorphism  of  rocks,  on  the  whole  the 
evidence  seems  to  favor  the  last  hypothesis  (V),  namely,  that  of  dynamic 
metamorphism. 

Briefly  summarized,  this  hypothesis  supposes— 

1.  Ttiat  the  structure  characterizing  the  leopard  rock  is  due  to  orographic  agen* 
cies  and  represents  an  intermediate  stage  in  the  development  of  a  streaked  aagite- 
syenite-^eiss  out  of  an  augite-syenite  which  was  clistinguished  by  a  coarsely 
crystallized  structure  and  by  a  somewhat  irregular  aggregation  of  pyroxene.  The 
character  of  the  original  magma  may  have  been  modified  somewhat  by  the  abeoTp- 
tion  of  included  fragments  of  pyroxenite. 

2.  That  the  distribution  of  the  pyroxene  has  been  effected  pr^umably  by  the 
.solution  of  portions  of  the  ori^^inal  constituents  and  their  recrystallization  along 
lines  marking  the  location  of  the  cracks. 

3.  That  with  continued  pressure  these  lumps  have  been  more  and  more  drawn 
out,  the  process  being  accompanied  by  recrystallization  until  the  rock  assumes  the 
streaked  gneissoid  form. 

While  in  general  the  evidence  of  crushing  is  rendered  more  or  less 
doubtful  by  the  extent  of  recrystallization,  in  one  case  (number  159)  it 
is  undoubted.  This  represents  a  partly  developed  gneiss  in  which, 
however,  the  ellipsoidal  structure  is  but  imperfectly  presented.  Though 
differing  considerably  from  the  rest  of  the  rock  in  general  appearance, 
there  is  little  doubt  but  that  it  belongs  to  the  same  mass.  The  groand- 
mass  is  much  finer  than  in  any  of  the  others  and  shows  much  less  the 
effects  of  recrystallization.  Large  grains  of  microcline  are  partly  crushed 
and  drawn  out  into  lens-like  forms  comparable  to  the  augen-structura 
A  significant  feature  is  the  arrangement  of  the  augite  in  irregular  bands 
about  the  feldspar  and  quartz.  In  some  of  the  augite  grains  the  appear- 
ance of  crushing  and  dragging  is  pronounced,  while  the  general  appear- 
ance of  the  rock,  both  in  hand  specimens  and  under  the  microscope, 
admits  of  no  other  conclusion  than  that  its  present  structure  is  due  to 
the  effects  of  orographic  pressure. 
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Introductory. 


The  remarks  in  this  prefatory  statement  will  serve  as  an  introduction 
for  the  present  paper  on  Melonites  multiporua  under  joint  authorship,  and 
also  for  the  succeeding  paper,  "  Studies  of  Palseechinoidea,"  by  myself. 

Deep  obligations  are  due  to  Mr  Alexander  Agassiz  for  the  opportunity 
of  studying  the  rich  collections  of  Paleozoic  echinoderms  in  the  collections 
of  the  Museum  of  Comparative  Zoology  at  Cambridge.  Besides  an  ex- 
tensive series  of  Melonites  multiporua^  this  museum  possesses  a  number  of 
generic  and  specific  types  and  many  rare  species,  as  described  in  the 
following  pages. 

For  the  opportunity  of  using  material,  obligations  are  also  due  to 
Professor  R.  P.  Whitfield,  of  the  American  Museum  of  Natural  History 
in  New  York ;  Professor  C.  E.  Beecher,  of  Yale  University  Museum ; 
Mr  C.  Schuchert,  of  the  United  States  National  Museum ;  Professor  A. 
Hyatt,  of  the  Boston  Society  of  Natural  History ;  Professor  William  B. 

*Phttos  and  dcacripiloiis  of  the  aAm««  also  list  of  referenoes  quoted,  will  be  found  at  the  end  of 
the  saeoeeding  paper :  Studies  of  PaliBeohfnoidea.  References  are  indicated  by  a  figure  in  paren* 
Uieaia  afUr  namee  of  authors  cited. 

XIX— Bull.  Oiol.  Soo.  km^  Vot.  7,  1895.  (135) 
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Clark,  of  Johns  Hopkins  University ;  Mr  C.  W.  Johnson,  of  the  Wagner 
Free  Institute,  and  Professor  W.  B.  Scott,  of  Princeton  *  Similar  privi- 
leges were  extended  to  Mr  Jaggar  by  Dr  E.  Newton,  of  the  Museum  of 
Practical  Geology,  in  Jermyn  street,  London.  To  my  friend,  Professor 
Beecher,  I  am  indebted  for  critical  suggestions.  Professor  Whitfield  and 
Mr  Johnson  very  kindly  had  drawings  made  for  me. 

Sincere  thanks  are  due  to  Mr  J.  H.  Emerton,  of  Boston,  for  the  extreme 
pains  he  took  in  making  the  drawings  for  the  plates.  Each  individual  > 
plate  in  a  specimen  was  carefully  scrutinized  to  ascertain  its  relative  size  j 
and  angles,  all  peculiar  plates,  the  position  of  columns,  etcetera,  were  , 
measured,  and  all  were  drawn  with  great  accuracy.  No  portions  of  . 
specimens  as  figured  are  restorations  except  in  the  cases  where  specially 
stated  and  indicated  by  dotted  lines  or  shading  in  the  figures. 

Mr  Jaggar,  while  working  with  me  as  a  student  in  the  Greological  De- 
partment of  Harvard  University,  made  the  very  important  discovery  of 
the  regular  arrangement  and  progressive  introduction  of  plates  in  the  inter- 
ambulacral  area  of  Meloniies  muliiporus.  His  observations  were  based  on 
the  specimen  illustrated  by  plate  3,  figure  12,  and  plate  4;  figure  18,  which 
was  at  that  time  in  the  Student  Paleontological  Collection.  Mr  Ja^r 
compared  this  arrangement  with  that  of  Oligoporus  danm^  as  shown  in 
Meek  and  Worthen's  figure,  introduced  here  as  figure  34  of  plate  6.  He 
also  studied  the  spines  of  Melonites  muUiporus.  Mr  Jaggar  had  not  the 
time  nor  the  opportunity  to  carry  the  results  of  his  observations  further. 
In  London,  at  the  Geological  Museum  in  Jermyn  street,  he  made  draw- 
ings of  Pcdaeechinua,  which  are  reproduced  in  plate  7,  figures  38  and  39. 
I  have  carried  on  the  studies  of  the  interambulacrum  of  Melonites  mnUi- 
poriis^  extending  it  by  observations  on  other  specimens.  I  have  also 
added  the  studies  of  the  ambulacral  area  in  this  species.  In  the  suc- 
ceeding paper,  "Studies  of  Palseechinoidea,"  the  researches  b^un  in 
Melotvitea  multiporua  are  extended  to  other  species  and  genera. 

Robert  Tracy  Jackson. 

Description  of  Spines. 

The  spines  of  Melonites  multiporu8,1[  Norwood  and  Owen,  have  not 
been  previously  described,  though  their  general  character  has  been  sug- 
gested by  analogy  to  related  species  and  genera  and  by  the  minute  sur- 

*  Many  of  the  specimens  de&cribed  camo  from  Ward's  Natural  Science  EstablishmentatRochesr 
ter.  New  York. 

fAs  a  matter  of  information  worthy  of  record,  it  is  stated  where  the  types  of  Paleosoie  echi- 
noids  described  in  this  and  the  succeeding  paper  are  deposited.  The  specimens  of  MdonitM 
muUiporut  figured  in,  the  Illinois  Geological  Surrey,  toI.  ii,  pages  227  and  228,  are  in  the  A.  H. 
Worthen  collection,  which  is  now  in  the  Unirersity  of  Illinois,  at  Urbana,  lllinoa,  as  I  am  in* 
formed  by  Mr  William  F.  E.  Qurley,  state  geologist  of  Illinois.  These  specimens  and  many  types 
are  included  in  a  published  list  of  the  Worthen  collection. 
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face  tubercles  which  thickly  cover  the  plates  of  the  test  in  occasional 
well  preserved  specimens.  The  spine  tubercles  of  this  species  were  figured 
by  Roemer  (36),  and  are  present  in  great  numbers  on  the  specimen  from 
which  plate  4,  figure  12,  was  drawn,  and  by  careful  examination  these 
tubercles  can  be  seen  in  portions  of  the  photographic  figure  (plate  5,  figure 
18).  They  served  as  bases  of  articulation  for  hundreds  of  small  spines 
which  covered  thickly  both  the  ambulacral  and  interambulacral  areas. 

The  specimen  showing  spines  from  which  plate  2,  figure  1,  was  drawn 
is  a  single  individual  of  MdonUes  muliiponis  from  the  Saint  Louis  group, 
Subcarboniferous  of  Saint  Louis,  Missouri.  It  is  in  the  collections  of 
the  Museum  of  Comparative  Zoology  (catalogue  number  2988).  The 
specimen  is  of  the  usual  type  from  this  locality ;  close  inspection,  how- 
ever, reveals  scattered  over  the  test,  but  more  especially  in  the  protected 
furrows  and  depressions,  innumerable  minute  spines  clinging  to  the 
plates  of  both  the  ambulacral  and  interambulacral  areas.  They  are 
most  abundantly  and  best  preserved  in  the  longitudinal  furrows  formed 
by  the  depressed,  irregular,  lateral  plates  of  each  ambulacrum.  A  cluster 
of  these  spines  is  shown  in  plate  2,  figure  1,  magnified  6  +  diameters. 
The  well  preserved  spines  are  cylindrical,  somewhat  swollen  at  the  base, 
and  gradually  taper  to  the  distal  point.  Occasional  very  well  preserved 
spines,  however,  show  surface  ornamentation,  which  consists  of  succes- 
sive faint  swellings,  interrupted  by  constrictions,  that  give  to  the  spine 
a  beaded  appearance,  as  shown  in  the  figure.  This  surface  ornamenta- 
tion was  first  observed  by  Mr  Westergren  when  drawing  the  accompany- 
ing figure.  The  dimensions  of  the  spines  are,  average  length  3  milli- 
meters, maximum  thickness  at  the  base  0.4  of  a  millimeter,  and  from  this 
tapering  to  a  somewhat  blunt  end  at  the  distal  terminus. 

The  spines  are  frequently  broken  or  reduced  in  size  by  erosion  ;  but 
otherwise  all  have  approximately  the  same  length  on  both  ambulacral 
and  interambulacral  areas.  On  the  interambulacra  they  are  so  much 
more  exposed  that  by  far  the  greater  part  of  the  spines  are  short  and 
stubby  from  erosion.  Only  occasionally  a  long  spine  equalling  the 
length  of  those  in  the  ambulacra  is  found  ;  but  there  are  enough  of  these 
to  fully  warrant  the  statement  that  the  spines  of  both  areas  were  of  the 
same  length.  None  of  the  spines  of  the  interambulacra  were  seen  show- 
ing the  bulgi^gs  described,  but  this  is  attributed  solely  to  erosion,  for 
such  ornate  spines  were  only  found  in  well  protected  areas.  Besides  the 
specimen  figured,  another  specimen  of  MdonUes  muUiporus  in  the  Museum 
of  Comparative  Zoology  (catalogue  number  2996)  shows  spines.  The 
features  exhibited  do  not  differ  from  those  just  described.  Spines  have 
also  been  observed  on  two  other  specimens. 

Hambach  (18)  has  published  a  photographic  figure  of  MdonUes  craams^ 
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Hambach,  which  shows  numerous  spines.  In  the  description  it  is  Btated 
that  the  ambulacral  areas  are  corered  with  little  spines  about  one-eighth 
of  an  inch  in  length,  while  the  spines  of  the  interambulacra  are  only  one- 
half  as  long.  This  peculiarity  Professor  Hambach  refers  to  as  one  of  the 
points  of  specific  distinction  from  MdanUes  mufttporiM,  which  indicates 
that  he  was  fietmiliar  with  the  spines  of  that  species.  This  distinction  of 
the  two  species  is  noteworthy,  inasmuch  as  M'Coy 'S  (29)  distinction  of  his 
family  of  the  Palseechinoidea  is  based  largely  on  the  uniformity  of  the 
spines  as  distinguished  from  the  two  series  present  in  the  Archieocida- 
ridse.  As  stated  above,  only  a  very  few  sgine^  of  the  interambulacra  of 
Mdonites  muUiporus  were  found  of  the  same  len^h  as  tiiose  in  Hie  am- 
bulacra. It  is  possible,  therefore,  that  in  Professor  Hambach 's  specimen 
of  Melonites  craasua  all  the  spines  of  the  interambulacra  were  so  eroded  as 
to  give  the  impression  that  they  were  really  shorter  than  those  of  the 
ambulacra.  This  could  easily  happen,  and  it  is  the  only  species  of  the 
Melonitidae  in  which  such  a  difierence  is  noted. 

Besides  the  foregoing,  the  spines  of  American  Melonitidse  have  been 
described  by  Messrs  Miller  and  Gurley  (3%)  in  Mdonitea  indianeMit^ 
Miller  and  Gurley,  and  Oligoparua  bellulus,  Miller  and  Gurley.  In  the 
succeeding  paper  the  spines  of  Oligoporua  dancs  are  described  (plate  6, 
figure  32). 

Arrangement  and  Development  of  the  ambulacral  and  rNTERAic- 

BULACRAL  PlATES. 

The  next  subject  to  which  attention  is  called  is  the  regular  arrange- 
ment and  method  of  introduction  of  the  plates  of  the  ambulacral  and 
interambulacral  areas  in  the  Melonitidse.  The  arrangement  of  the  inter- 
ambulacra has  been  partially  figured  in  Oligopoms  danse,  M.  and  W.,  and 
appears  fragmentarily  in  a  number  of  published  figures  of  MeioniteSj  Pa- 
IsRechinus,  and  some  other  genera  of  Palseechinoidea,  but  its  significance 
and  true  relations  seem  to  have  been  quite  overlooked. 

Roemer  (36)  supposed  that  the  intercalated  columns  terminated  in 
much  the  same  way  at  either  end.  He  says :  "  Die  Vermehrung  der  Reihen 
von  den  Polen  gegen  die  Mitte  der  Schale  hin  geschieht  durch  allmah- 
liches  Einsetzen  neuer  Reihen  zwischen  die  vorhandenen." 

Lov6n  (25)  says  of  the  Penschoechinoida  that  the  adambulacral  plates 
alone  extend  from  the  peristome  to  the  dorsal  pole,  which  observation  is 
entirely  supported  by  the  results  of  our  studies. 

Miller  and  Gurley  (34)  consider  briefly  the  method  of  growth  of  Olig^ 
porus  blairi,  Miller  and  Gurley.  They  express  tentatively  the  belief  that 
the  number  of  columns  of  interambulacral  plates  does  not  increase  with 
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growth,  but  their  view  ae  expressed  is  quite  ihe  opposite  of  our  conclu* 
sions.  This  view  was  based  on  3  specimens  studied,  all  of  which  they 
state  have  6  columnn  of  plates.  The  answer  would  be  that  while  the  num* 
ber  of  columns  apparency  does  increase  with  Si^e,  the  full  number  may  be 
attained  quite  early  in  the  life  of  the  individual.^  In  such  a  case  a  con* 
Biderable  increase  in  size  may  take  place  without  the  addition  of  any 
new  oolnmns.  These  are  the  only  statements  seen  in  regard  to  the  ar- 
rangement of  interambulacral  plates  in  Palaoechinoids,  except  the  general 
remark  frequently  met  with,  that  the  columns  (ranges)  of  plates  fail  to 
reach  the  poles. 

Before  describing  the  plate  arrangement  in  detail  it  may  be  well  to 
state  the  case  in  brief.  Echinoderms  grow  by  the  addition  of  new  plates 
to  the  corona  around  the  abactinal  area  and  by  the  increase  hi  sise  of 
previously  formed  plates.  As  the  new  plates  of  each  ambulacrum  or  in* 
terambulacnim  are  formed  they  are  inserted  between  previously  formed 
plates  of  the  area  and  the  genital  or  ocular  plates  (see  plate  3,  figure  13) ; 
therefore  those  plates  on  the  lower  part  of  the  test  were  the  earliest  formed, 
and  passing  dorsally  we  get  progressively  the  later  and  later  added  plates, 
built  as  the  individual  grew  aborally. 

In  Mdonites  mtUtiporus^  at  the  oral  termination  of  the  corona  and  in 
immediate  contact  with  the  peristome,  each  ambulacrum  has  a  row  f  of 
four  plates  and  each  interambulacrum  a  row  of  two  plates  X  (plate  2,  fig- 
ures 2  and  3).  Passing  from  this  part  progressively  upward,  or  dorsally, 
we  find  an  increase  in  the  number  of  columns  in  both  the  ambulacra  and 
interambulacra.  In  the  ambulacra  the  two  outer  plates  at  the  base,  a,  &i 
with  additions  dorsally,  form  the  two  lateral  columns  of  the  area,  and 
the  two  median  plates  at  the  base,  a'  b\  with  additions  dorsally,  form 
the  two  median  columns  of  the  area  (plate  2,  figure  4,  and  plate  4, 
figure  18).  In  the  interambulacra  new  plates  are  added  to  form  each 
column,  and  also  new  columns  are  added  with  great  regularity  (plate  2, 
figure  2;  plate  3,  figure  12 ;  plate  4,  figure  18).  New  columns  are  added 
rapidly  at  first,  and  they  attain  their  greatest  number  at  a  point  of  some- 
what variable  distance  above  the  ambitus  (plate  4,  figure  18). 

Near  the  anal  area  the  number  of  columns  of  interambulacra  decreases 
as  well  as  at  the  oral  area,  but  for  a  difierent  reason,  as  discussed.  In 
the  figures  the  several  columns  are  numbered  progressively,  correspond- 
ing to  the  number  of  columns  attained  by  the  individual,  and  therefore 

*8^  Agore  of  Paleuehinui  gigtu,  plat«  7,  figure  38. 

tThe  term  row  in  this  paper  is  limited  in  ase  to  series  of  plates  lyinK  in  one  horisontal  plane,  in 
eootradlitlnctlon  to  the  term  column,  whieh  is  applied  to  series  of  plates  lying  in  a  vertical  plane. 

t  The  itmctnre  and  deTelopment  of  the  ambulacram  and  the  position  and  doTelopment  of  the 
flnt  three  interambalacral  oolnmns,  numbers  1, 2;  3,  plate  2,  figures  2, 3,  etc.,  as  described  in  this 
l^aper,  were  worked  oat  by  R.  T.  Jackson. 
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will  be  readily  followed.  It  is  to  be  observed  that  successive  columns, 
passing  dorsally,  are  typically  alternated  to  the  right  and  left  of  one 
another  (plate  3,  figure  12 ;  plate  4,  figure  18).  This  rule  has  some  ex- 
ceptions, principally  in  even-numbered  columns,  but  occasionally  in  odd 
ones.  It  will  be  seen  that  the  plates  of  the  adambulacral  columns  are 
pentagonal,  while  all  the  other  plates  of  the  interambulacral  areas  are 
hexagonal,  with  the  exception  of  the  ventral  terminal  plates  of  columns 
which  are  pentagonal*  and  adjacent  plates  which  are  in  moet  casee 
heptagonal ;  also  near  the  anal  area  the  plates,  instead  of  being  hexag- 
onal, are  more  or  less  rhombic  in  form  (plate  3,  figure  13). 

The  arrangement  as  sketched  above  has  been  traced  in  more  than  100 
specimens  of  MelonUes  muUiporuSj  and  in  all  the  same  method  of  intro- 
duction and  growth  is  maintained,  with  only  such  slight  variations  as 
are  discussed.  A  similar  arrangement  has  also  been  traced  to  a  greater 
or  less  extent  in  Rhoechinus,  PcdsRechinua^  OligoporuSy  Lepidechinus,  Lepi- 
docentrus,  LepidocidarU  and  Archaeocidaris^  and  in  a  published  figure  of 
Lepideathea,  as  described  in  the  succeeding  paper.  It  may  be  stated  that 
no  conflicting  evidence  has  been  found  in  any  Paleozoic  or  recent  type. 

Structure  and  Development  of  the  Ambulacrum. 

Turning  to  the  detailed  description  of  plates,  the  oral  area  will  be  con- 
sidered first.  Specimens  showing  perfectly  the  oral  termination  of  the 
corona  seem  to  be  rare,  for  that  area  has  fiever  been  adequately  de- 
scribed, and  most  specimens  which  are  at  first  sight  complete  are  want- 
ing in  one  or  more  rows  of  plates.  A  specimen  showing  this  area  satis- 
factorily is  a  Mdonites  muUiporu8j  Norwood  and  Owen,  from  the  Saint 
Louis  group,  Subcarboniferous  of  Saint  Louis,  Missouri.f  The  specimen 
is  in  the  collections  of  the  Museum  of  Comparative  Zoology  (catalogue 
number  3000),  and  is  represented  in  plate  2  by  figure  2.  The  ambulacra 
ventrally  in  each  area  consist  of  a  row  of  four  plates  which  lead  to  per- 
pendicular columns  by  the  addition  of  plates  dorsally.  The  plates  at 
the  ventral  termination  as  well  as  the  later  added  ones  have  two  pores. 
In  each  area,  as  also  observed  on  many  other  specimens,  the  two  outer 
initial  plates,  a  b  (plate  2,  figure  4 ;  plate  4,  figure  18),  become  the  bases 
of  the  two  lateral  columns  of  the  ambulacrum,  and  the  two  middle  initial 
plates,  a'  b\  become  the  bases  of  the  two  columns  of  large  median  ambu- 
lacral  plates.  At  the  ventral  area  all  the  ambulacral  plates  are  of  about 
the  same  size  and  shape,  whereas  further  up  the  plates  of  the  two  central 
columns,  a'  b\  are  much  larger  than  the  plates  of  the  lateral  columns 

*  Excepting  the  initial  plate  of  column  3.    See  plate  2,  figuresi  2  and  3. 

tAlI  the  specimeno  of  Melonita  mtUtiporua  described  in  this  paper  are  from  the  same  formation 
and  locality;  therefore  no  further  details  on  this  point  will  be  giTen. 
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of  the  area ;  the  central  columns  of  plates  also  are  quite  regular  in  size 
and  form,  whereas  the  laterals  are  highly  irregular,  as  shown  in  plate  2, 
figure  4 ;  plate  4,  figure  18.  The  curvature  of  the  surface  of  the  ambu- 
lacra, which  gives  the  melon-like  ribs,  is  not  existent  at  the  ventral  area. 
This  and  the  other  characteristic  generic  features  of  this  area  were  not 
developed  in  that  portion  of  the  test  which  lies  near  the  peristome. 

Besides  the  four  columns,  a,  a',  h\  6,  which  are  found  already  at  the 
peristomal  border,  new  columns  of  ambulacral  plates  are  added  dorsally 
as  the  animal  grew.  The  new  columns  are  added  ^  in  the  two  lateral 
depressed  furrows  of  each  ambulacrum,  and  in  each  case  between  the 
lateral  and  median  columns  of  the  side  to  which  it  belongs,  as  seen  in 
plate  2,  figure  4,  and  plate  4,  figure  18.  In  our  specimen,  as  shown  in 
the  figure  (plate  2,  figure  4),  the  first  new  columns  added,  c  and  d,  origi- 
nate at  about  the  same  horizon  in  each  half  ambulacrum.  The  fourth 
columns  of  each  area  as  added,  e  and  /,  again  originate  at  the  same  point 
in  the  two  sides  of  the  ambulacrum.  The  number  of  columns  in  the  am- 
bulacra increases  rapidly,  but  the  plates  of  the  ambulacral  area  are  so 
irregular  and  usually  so  imperfectly  defined  that  they  are  difficult  to 
make  out,  and  only  a  few  specimens  have  been  seen  in  which  the  devel- 
opment of  this  area  could  be  satisfactorily  traced.  Besides  figure  4,  the 
development  of  the  ambulacrum  and  the  introduction  of  its  newly  added 
columns  are  shown  well  in  areas  \&,  2>,  and  i^  of  figure  2,  plate  2. 

A  section  of  the  ambulacrum  of  Melonites  muUipariLs  (plate  2,  figure  5) 
shows  the  relative  size,  thickness  and  position  of  the  several  columns  of 
ambulacral  plates.  The  specimen  is  quite  normal  in  form,  not  being  at 
all  distorted.  The  adambulacral  plates  I  lot  adjacent  interambulacral 
areas  project  under  the  lateral  plates  a  6  of  the  ambulacrum,  not  over 
them,  as  they  do  in  Lepidocentrus.  The  median  plates  a'  b'  of  the  area 
are  very  thick,  as  well  as  large  in  other  proportions.  The  pores  in  the 
ambulacral  plates  on  the  surface  or  distal  side  lie  in  that  portion  of  the 
plate  which  is  nearest  the  interambulacrum  (figures  4  and  5),  but  in  trav- 
ersing the  thickness  of  the  plate  they  extend  inward  or  toward  the  center 
of  the  area,  as  shown  in  figure  5.  In  this  section  plate  JT  was  cut  in  such 
a  plane  that  the  pores  did  not  show.  Some  of  the  pores  in  the  section 
are  seen  passing  quite  across  the  plate.  When  their  whole  extent  is  not 
visible,  their  probable  position  is  indicated  in  the  figure  by  dotted  lines. 

The  position  which  new  columns  take  as  introduced  in  the  ambulacra 
in  relation  to  the  initial  columns  a  a'  and  b'  b  is  important,  especially  in 
connection  with  the  condition  seen  in  OligoporusBS  discussed  in  the  next 
paper  under  the  consideration  of  that  genus.  The  four  initial  columns 
of  Melonites  can  properly  be  homologized  with  the  four  columns  seen  in 
adult  Oligoponu  (plate  6,  figure  30),  and  this  is  important,  because  the 
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differenoe  of  the  oumber  of  columns  is  the  basis  of  separation  of  the 
genera.  As  Mdoniiea  ventrally  has  ambulacra  like  adult  Oligaporua^  and 
as  adult  MdonUea  has  much  more  complex  ambulacra  (plate  5,  figure 
20),  it  may  be  considered  that  Oligoparus  is  the  more  primitive  genus 
and  MeUmiies  the  more  specialized,  being  further  advanced  in  the  special 
line  of  variation  of  the  family.  MdonUes  may  be  considered  as  highly 
accelerated,  for  at  an  early  period  in  development  where  OligoporuB  (plate 
6,  figure  25),  has  but  two  plates  in  the  ambulacrum,  MeUmUe$  h&s  four. 
The  four  initial  columns  of  Melonilea,  a  a'  and  V  6,  are  together  equal  to 
the  two  columns  of  plates  of  less  specialized  genera,  as  the  primitive  Silu- 
rian type  Bothriocidaris,  and  also  Archaoddaris^  Cidaris,  etcetera.  This 
rdation  is  discussed  in  the  succeeding  paper  under  Oligoporus  (^'Arrange- 
ment  and  Development  of  Plates  in  Oligoporna  coreyi  ")i  ftnd  is  expressed 
in  a  diagram,  figure  1,  inserted  in  the  text  at  that  place. 

The  late  honored  Professor  Sven  Jiov^n  (27)  has  shown  in  modem  echi- 
noids  that  a  considerable  number  of  the  ventral  plates  of  the  ambula- 
crum are  resorbed  during  the  progressive  enlargement  of  the  actinostome. 
More  or  less  of  this  resorption  has  also  probably  taken  place  in  the 
growth  of  MdoniUs.  These  missing  plates  could  only  be  obtained  in 
very  young  specimens.  If  present,  they  might  show  that  the  ambu- 
lacrum in  its  inception  had  only  two  plates  in  a  row,  instead  of  four. 
This  would  be  in  accordance  with  the  earliest  stages  of  Oligoporus^  of 
modern  echinoids,  and  also  with  the  condition  of  the  adult  in  the  ancient 
primitive  type  BoUiriocidarU  and  most  members  of  the  Palseechinoidea. 

Structure  and  Development  of  the  Intbrambulacruit. 

The  interambulacra  of  the  adult,  when  perfect,  consist  of  two  plates  at 
the  ventral  termination,  as  shown  in  three  areas,  i4,  Cand  /,  of  plate  2, 
figure  2.  These  plates,  numbers  1  and  2,  are  pentagonal  in  form,  having  a 
straight  line  on  the  ventral  aspect.  It  is  to  be  noted  that  the  angles  of 
these  plates  do  not  correspond  to  the  angles  of  terminal  pentagons  in  later 
added  columns,  as  seen  in  this  and  other  figures.  These  two  first  ventral 
plates  give  rise,  by  the  progressive  addition  of  plates  dorsally,  to  the  two 
outer  columns  of  pentagonal  adambulacral  plates.  In  two  areas,  £and 
O  of  our  specimen  (plate  2,  figure  2),  there  are  three  plates  at  the  ter* 
mination  of  the  interambulacra.  It  will  be  observed  that  these  plates 
have  angular  faces  ventrally,  corresponding  to  the  angles  of  the  ventral 
border  of  the  second  row  in  an  area  terminating  ventrally  in  two  plates 
(see  also  plate  2,  figure  3).  It  is  evident,  therefore,  that  the  lower  row 
of  two  plates  is  absent  from  mutilation  in  these  cases,  which  at  first  sight 
apparently  terminated  in  three  plates.    This  is  an  important  point,  for 
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quite  frequently  specimens  of  Melanites  miUiiporus  are  seen,  showing  three 
plates  ventrally.  Such  areas  are  to  be  considered  incomplete  ventrally, 
and  when  well  preserved  show  at  the  oral  termination  angles  for  the 
articulation  of  the  lowermost  missing  row.  Another  evidence  of  the 
limits  of  the  area  ventrally  is  a  line,  Jf,  of  thin,  dark  colored,  calcareous 
tissue,  which  runs  around  the  outer  border  of  the  peristome,  coinciding 
with  the  ventral  edges  of  the  plates.  This  apparently  is  the  ventral 
border  of  the  perignathic  girdle,  or  the  auricles  and  other  perpendicular 
calcareous  supports  on  the  edge  of  the  peristome  for  the  attachment  of 
buccal  muscles.  This  line  of  tissue  stands  out  clearly  in  the  open  space 
if  the  lowest  row  in  any  area  is  wanting,  as  between  the  areas  Cio  H,  in- 
clusive (plate  2,  figure  2).  This  perignathic  girdle  has  only  been  observed 
in  this  specimen.  Besides  the  specimens  figured,  the  ventral  termination 
of  the  interambulacra  in  two  plates  has  been  seen  in  a  number  of  other 
specimens  of  Melonites  micUlporus,  amounting  to  21  areas  in  all.  In  speci- 
men number  3003,  in  the  collections  of  the  Museum  of  Comparative 
Zoology,  there  are  two  plates  at  the  ventral  termination  in  all  five  inter- 
ambulacral  areas,  as  shown  in  plate  2,  figure  3.  These  plfites  are  suc- 
ceeded by  three  plates  in  the  second  row.  The  same  specimen  shows 
well  the  ventral  termination  of  the  ambulacral  areas  as  seen  in  the  figure. 
Two  specimens  from  the  Boston  Society  of  Natural  History  (catalogue 
numbers  229A  and  229B),  also  specimens  in  the  E.  M.  Museum  at  Prince- 
ton (catalogue  numbers  1464  and  1466),  show  two  plates  ventrally  in 
several  areas. 

This  fact  of  two  ventral  plates  is  important  because  of  the  similar 
number  of  columns  of  plates  in  the  Euechinoidea.  It  is  also  important 
as  compared  with  the  number  of  plates  seen  ventrally  in  other  Paleozoic 
echinoids  {OligoportM^  Lepidechinna^  Archxocidaru),  Its  special  bearing 
is  the  fact  that  it  shows  the  limits  of  the  encroachment  of  the  peristome 
on  the  corona  of  this  genus,  which  may  be  taken  as  the  type  of  the 
family.^  The  extent  of  encroachment  varies  in  difi*erent  types  from  not 
at  all,  Bothriocidariay  Lepidechinus,  to  an  extensive  encroachment,  Archssoci- 
darts,  Cidaris  (see  figures  42,  43,  44,  48  and  55  in  the  plates). 

The  only  published  observations  seen  on  the  extreme  ventral  area  of 
Mdanitesis  Meek  and  Worthen's  (30)  figure  of  the  ventral  aspect  of  Mdo- 
niUa  multiparus,  showing  the  jaws  in  place.  In  the  text  they  do  not  de- 
scribe or  discuss  the  plates,  but  in  the  figure  the  five  ambulacral  areas 
show  four  plates  at  their  ventral  termination.  One  of  the  interambulacra 
has  two  plates  ventrally,  three  have  three  plates,  and  one  has  five.  This 
discrepancy  with  our  observations  is  unquestionably  due  to  imperfections 
of  the  specimen  figured,  not  to  variations  in  this  important  feature. 

*Se6  olftMiflcHtion  at  end  of  suooeeding  paper:  Studies  of  Palnechinoidea. 
XX— Bull.  Qml.  Soc.  Am.,  Vou  7.  1806. 
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Before  describing  further  the  plates  of  Mdonites  it  is  desirable  to  con- 
sider whether  the  lower  row  of  two  plates,  numbers  1  and  2,  plate  2,  fig- 
ures 2  and  3,  really  represent  the  first  formed  or  initial  interambulacral 
plates. 

Professor  Sven  Lov^n  (27)  has  shown  that  at  the  ventral  border  of 
the  interambulacra  in  the  young  of  Ooniocidaris*  and  StrongylocenJtroiuA 
there  is  but  a  single  plate  which  in  the  next  row  is  succeeded  by  two  plates 
(plate  3,  figure  8).  At  the  same  period  of  growth  the  ambulacra  have 
two  columns  of  plates  as  in  later  stages.  Of  this,  Professor  Lov^n  says, 
"  This  is  the  normal  constitution  of  the  peristome  in  the  whole  class.'' 
He  shows  that  during  later  growth  with  the  enlargement  of  the  actino- 
stome  that  area  commonly  encroaches  upon  the  corona,  and  the  initial 
plate  is  gradually  resorbed  (plate  3,  figure  9),  and  as  the  encroachment 
of  the  actinostome  continues,  some  succeeding  binary  plates  are  also  re- 
sorbed together  with  the  corresponding  portions  of  the  ambulacra.  In 
the  Clypeastroids  and  Spatangoids  the  initial  single  plate  is  typically  re- 
tained'throughout  life,  as  shown  in  numerous  figures  published  by  Lov6n 
(25),  A.  Agassiz  (3),  William  B.  Clark  (6),  and  Duncan  and  Sladen  (10). 

It  is  obvious  that  the  enlargement  of  the  actinostome  may  take  place 
by  riesorption  of  the  plates  of  the  base  of  the  corona  or  by  the  progressive 
growth  of  the  same,  both  tending  in  the  same  direction,  the  enlargement 
of  the  ventral  circumference.  TiarechimiB  from  the  Trias  is  a  genus  which 
retains  th^  initial  single  interambulacral  plate,  and  so  does  Lepidechinus 
(plate  7,  figure  42)  and  PhoUdocidaris  (plate  9,  figure  54). 

Prom  the  above  we  gather  the  conclusion  that  resorption  of  ventral 
plates  may  or  may  not  take  place,  and  that  the  interambulacrum  prob- 
ably always  starts  with  a  single  plate.  If  Lov^n  is  correct  in  supposing 
that  the  interambulacrum  always  terminates  with  a  single  plate,  as  every 
evidence  goes  to  prove,  then  Melonites  when  young  must  have  had  a 
single  plate  at  the  ventral  border. 

In  a  specimen  of  Melanites  TnuUiporus  in  Yale  University  Museum 
(diamond  number  157,  specimen  C)  we  find  an  important  feature  bear- 
ing on  the  above  consideration.  In  this  specimen  (plate  3,  figure  10)  f 
the  two  ventral  plates  have  each  an  angle  toward  the  median  line,  and 
these,  together  with  the  straight  edge  of  the  bottom,  enclose  a  triangular 
space  which  doubtless  contained  the  single  initial  plate,  as  in  a  similar 
stage  of  Strongyhcentrotus  plate  V  (plate  3,  figure  9).  This  specimen  of 
Melonites  does  not  actually  show  the  initial  single  plate,  and  obviously 

*  A  reproduction  of  Lov^n'a  fiKure  of  this  genus  is  gi^on  as  an  insert,  figure  3,  in  the  chapter 
entitled  **  Conclusions  "  of  the  succeeding  paper:  Studies  of  Paleeechinoidea. 

t  In  the  specimen,  plates  2  and  3  (see  figure)  have  slipped  down  a  Iktle  from  their  original  posi- 
tion, but  they  are  restored  to  their  places  in  the  figure  as  they  could  be,  all  the  angles  being  pre- 
served, by  simply  moving  them  upward. 
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in  its  peculiar  position  it  would  very  easily  drop  out  after  the  death  of 
the  individual  or  in  the  processes  of  fossilization  *  To  our  mind  the 
angles  for  its  reception  are  almost  as  strong;  evidence  as  the  plate  itself; 
so  it  may  be  confidently  stated  that  the  interambulacrum  of  Mehnites 
originates  with  a  single  plate,  as  shown  by  Lov6n  in  Chniocidaria  and 
StrongyloceniroluBy  and  in  tiie  succeeding  paper  in  Lepidechinua  and 
Pholidocidaris, 

The  specimen  represented  by  figure  10,  plate  3,  evidently  indicates  a 
condition  in  which  some  resorption  of  the  ventral  border  of  the  corona 
has  taken  place,  and  would  correspond  closely  to  the  same  condition  in 
Slrangylocentrotua  (plate  3,  figure  9).  Reconstructing  the  ventral  plate  of 
Mdonites  to  the  condition  it  probabl}'  had  before  resorption  cut  into  its 
ventral  border,  we  have  the  condition  shown  in  plate  3,  figure  11,  which 
is  an  adaptation  from  the  ventral  area  of  interambulacrum  A  in  plate  3, 
figure  2.  In  this  reconstruction  of  MeUmitea  we  have  a  ventral  plate  1' 
comparable  to  that  seen  in  StrongylocentrotiLS  before  ventral  resorption  has 
commenced  (plate  3,  figure  8) ;  also  as  seen  in  Lepidechinua  (plate  7, 
figure  42)  and  PJwlidoddaris  (plate  9,  figure  54). 

The  single  plate  found  at  the  ventral  border  of  the  interambulacrum 
in  echinoids,  as  shown  by  Lov^n  in  the  young  of  modern  forms  and  here 
in  Paleozoic  forms,  points  directly  to  the  conclusion  that  this  stage  in 
growth  represents  an  ancestral  form  having  a  single  column  of  interam- 
bulacral  plates.  The  only  such  form  known  is  the  Lower  Silurian  genus 
BothrvocidarU  (see  figure  4  of  the  succeeding  paper,  in  the  chapter  "  Conclu- 
sions" ),  which  from  this  fact  assumes  the  greatest  importance.  In  Mdo- 
nites  we  show  that  newly  added  columns  normally  alternate  to  left  and 
right  as  introduced,  even-numbered  columns  typically  appearing  on  the 
right  of  odd  ones  (plate  2,  figure  2  ;  plate  3,  figures  12  and  14,  and  plate 
i,  6gures  18  and  19).  This  being  the  case,  it  seems  fair  to  argue  that  the 
initial  plate  1'  o(  Melonite$  (plate  3,  figure  U)  was  the  basal  member  of 
column  number  1,  the  left  adambulacral,  column  2,  being  introduced  to 
the  right  of  it.  This  assumption  would  carry  with  it  the  conclusion 
that  the  left  adambulacral  column  of  Mdonites  and  allies  is  probably  the 
genetic  equivalent  of  the  single  column  of  Bothriocldans  (figure  4  of  suc- 
ceeding paper). 

Returning  to  the  consideration  of  the  interambulacrum  of  Melonites 
mtdtiporue,  in  the  next  row  above  the  ventral  plates  1  and  2  (plate  2,  figure 
2)  there  are  three  plates.  The  median  plate,  number  3,  is  hexagonal  in 
form,  and  it  is  the  first  formed  plate  of  a  new  column ;  it  makes,  with 
the  addition  of  new  plates  dorsally,  the  first  column  of  median  hexag- 

*9irnilftr  angles  in  the  two  ventral  plates  are  shown  in  Oligoporut  (plate  6,  fiji^ure  26),  and  the 
bUtial  plate  is  shown  in  LepiiU^inui  (plate  7i  figure  42). 
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onal  plates,  as  seen  by  following  the  dotted  lines  in  the  figure.    Initial 
plate  3  is  hexagonal  in  form ;  but,  comparing  it  with  the  initial  plates 
of  later  added  columns  (plate  2,  figure  2),  it  will  be  seen  to  be  similar  in 
form  ventrally  and  on  the  two  sides.    It  is  potentially  pentagonal,  if  we 
may  be  allowed  the  expression,  but  is  hexagonal  because  its  dorsal  border 
is  truncated  by  the  impinging  ventral  border  of  the  terminal  pentagon, 
number  4  of  column  4.    The  terminal  pentagon  always  induces  by  im- 
pact an  additional  side  on  one  of  its  ventrally  bordering  plates,  as  seen 
in  later  added  columns,  and  in  this  case  it  thus  makes  a  hexagon  out  of 
a  plate  normally  pentagonal.     Plate  3  is  typically  hexagonal,  and  ex- 
ceptions to  this  form  are  very  rare.    Column  3  at  its  point  of  origin  is 
obviously  central  in  position,  having  a  column  of  lateral  adambulacral 
plates  on  either  side.     In  the  next  row  dorsally  there  are  four  plates, 
pentagon  number  4  being  the  initial  plate  of  column  4.    The  ventral  as- 
pect of  this  pentagon  impinges  on  plate  3,  causing  it  to  take  on  a  hexag- 
onal form  as  just  discussed.    In  four  areas  of  the  figure,  A,  C,  E  and  6, 
column  4  at  its  point  of  origin  has  two  columns  on  the  left  of  it  and  one 
on  the.right  \  in  a  fifth  area,  I,  the  reverse  obtains,  there  being  one  column 
on  the  left  and  two  on  the  right.    This  shows  at  the  start  a  variation 
which  is  not  infrequent  in  even-numbered  columns.    Another  case  of  the 
same  kind  is  shown  in  the  introduction  of  column  6  in  area  G  of  the  same 
figure.    Here  there  are  two  columns  on  the  left  and  three  on  the  right, 
whereas  in  the  two  other  areas,  E  and  I,  showing  the  introduction  of  the 
sixth  column,  there  are  three  columns  on  the  left  and  two  on  the  right. 
While  even-numbered  columns  in  most  cases  originate  to  the  right  of  the 
center,  having  one  more  column  on  the  left  than  on  the  right,  they  some- 
times originate  to  the  left  of  the  center,  having  one  more  column  on  the 
right  than  on  the  left.    Other  examples  of  this  variation  are  seen  in 
plate  3,  figure  10,  and  in  the  tables  on  pages  165  to  170,  inclusive. 

Later  stages,  with  new  columns  added  after  the  fourth,  might  be  traced 
in  plate  2,  figure  2,  but  they  can  best  be  followed  by  comparison  with  the 
description  of  stages  represented  by  figure  12  of  plate  3.  It  will  be  seen 
in  plate  2,  figures  2  and  3,  that  columns  3  and  4  are  introduced  very 
early  in  passing  from  the  ventral  area  dorsally.  This  rapid  introduction 
is  also  shown  well  in  Melonitea  giganteua,  sp.  nov.  (plate  5,  figure  21).  It 
is  the  common  condition,  but  exceptions  may  be  found,  as  in  plate  3, 
figure  12,  where  column  4  originates  much  later  than  column  3.  The 
rate  of  introduction  of  new  columns,  as  shown  in  plate  2,  figure  2,  may 
be  accepted  as  the  average  rate  in  Melonites  midliporus,  to  which  we  have 
seen  but  two  exceptions,  namely,  those  shown  in  plate  3,  figures  12  and  16, 
The  rapid  introduction  of  the  new  columns  3  and  4,  in  plate  2,  figure  2, 
shows  an  accelerated  development  which  is  still  more  accentuated  in 
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Mehnites  giganteus  (plate  5,  figure  21)^  where  the  fifth  column  originates 
in  the  second  row  above  the  fourth.  On  the  other  hand,  the  relatively 
later  period  of  introduction  of  column  4  in  the  two  examples  of  MeUmitea 
muUiporus  seen  (plate  3,  figures  12  and  16),  shows  a  tendency  toward  a 
slower  rate  of  development.  In  THarechinus  we  have  a  case  of  even  greater 
accelerated  development,  for  in  it,  according  to  figures  by  Professor  Lov6n 
(26),  there  are  three  plates  in  the  second  row  succeeding  the  initial  single 
plate  of  the  first  row. 

One  of  the  clearest  examples  of  the  method  of  plate  arrangement  seen 
is  a  specimen  of  Mdanites  midtiporus  in  the  collections  of  the  Museum  of 
Comparative  Zoology  (catalogue  number  2990)  *  Plate  3,  figure  12,  rep- 
resents the  interambulacral  area  of  this  specimen,  which  is  also  shown  in 
the  photographic  reproduction  (plate  4,  figure  18),  and  the  nature  of  the 
plate  arrangement  may  be  seen  by  following  up  the  series  of  columns  of 
plates  which  are  accentuated  by  dotted  lines.  While  not  complete  dor- 
sally  or  ventrally,  this  specimen  is  very  clear  and  is  also  very  typical, 
showing  little  departure  from  the  ideal  type  of  plate  arrangement.t 

Starting  at  the  ventral  end  of  the  specimen  (plate  3,  figure  12,  and 
plate  4,  figure  18)  there  are  three  columns  of  plates,  composed  of  two 
adambulacral  columns  of  pentagonal  plates,  numbers  1  and  2,  and  a 
median  column  of  hexagons,  number  3.  This  middle  column,  number  3, 
would  drop  out  near  the  oral  termination  of  the  area  if  it  were  complete, 
as  in  plate  2,  figure  2.  Passing  dorsally,  a  new  fourth  column  of  plates 
is  added.  This  column  is  introduced  by  the  terminal  pentagonal  plate, 
number  4.  The  introduction  of  this  plate  has  disturbed  the  mechanical 
form  of  adjoining  plates,  so  that  they  are  somewhat  distorted,  as  shown 
in  the  figure,  and  a  hexagonal  plate  exists  at  A  in  place  of  one  of  the 
lateral  pentagons  of  column  1.  This  introduction  of  an  additional  side 
to  plate  Ay  making  a  hexagon  out  of  a  lateral  plate  which  is  normally 
pentagonal,  seems  to  be  an  individual  peculiarity  of  this  specimen,  for  in 
the  case  of  other  interambulacral  areas  in  which  the  introduction  of  the 
fourth  column  has  been  observed,  the  initial  pentagonal  plate  abutted 
against  the  initial  plate  of  column  3,  inducing  an  additional  side  on*  the 
donal  border  of  that  plate,  as  in  plate  2,  figure  2.  In  one  other  case  ob- 
served (plate  3,  figure  16),  the  initial  plate  of  the  fourth  column  did  not 

*ThU  is  the  specimen  on  which  Mr  Jagicar  based  his  obseryations  of  the  development  and 
urangement  of  the  Interambalacram. 

t  Ita  principal  departure  la  in  the  slow  rate  of  addition  of  columns  4  and  6  (compared  with  plate 
2.  figure  2).  Initial  pentagon  4  is  introduced  considerably  later  than  initial  pentagon  3,  instead  of  in 
th«  next  row,  as  In  the  figure  cited.  In  area  C  of  the  same  specimen,  however,  as  shown  in  plate 
4,  figure  18,  the  fourth  column  begins  in  pentagon  4  at  a  very  much  earlier  stage  of  growth  than  in 
^rea  A..  This  different  rate  of  development  in  two  adjacent  areas  is  uncommon  and  has  never 
been  seen  in  any  other  specimen  in  the  early  added  columns. 
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impinge  upon  initial  plate  3  because  of  the  intercalation  of  a  peculiar 
plate  in  column  3. 

Column  4  of  plate  3,  figure  12,  and  plate  4,  figure  18,  is  introduced  as 
near  the  center  as  is  mechanically  possible  with  an  even  number  of  col- 
umns, but  it  falls  to  the  right  of  the  actual  center,  having  two  columns 
on  the  left  and  one  on  the  right.  Mdonites,  therefore,  on  the  sone  of 
pentagon  4  has  four  columns  of  plates,  and  a  similar  remark  may  be 
made  of  the  progressively  added  columns  where  introduced.  Continuing 
dorsally,  especial  attention  is  called  to  the  intercalation  of  new  columns, 
normally  in  regular  alternation,  5  on  the  left  of  4,  6  on  the  right  of  5, 7 
on  the  left  of  6,  etcetera.  Continuing  dorsally  from  pentagon  4,  we  find 
the  fifth  column  introduced  with  a  terminal  pentagon,  number  5.  This 
column  at  its  point  of  origin  is  in  the  middle,  having  two  columns  on 
either  side  of  it.  This  feature  is  characteristic  of  odd-numbered  columns ; 
they  have  an  equal  number  of  columns  on  either  side.  Occasional  excep* 
tions,  however,  exist,  as  noted  on  pages  165-170.  Adjoining  pentagon  5, 
one  of  the  plates,  H,  of  column  4  has  a  seventh  side  added  as  a  mechani- 
cal compensation  for  the  form  of  the  pentagonal  plate  5.  This  relation 
of  a  terminal  pentagon  and  an  adjacent  h«ptagonal  plate,  which  is  usually 
a  member  of  the  immediately  preceding  column,  is  characteristic  of  the 
form  assumed  when  new  columns  are  introduced  above  the  fourth  in  the 
whole  family  of  the  Melonitidx  and  in  other  Paleozoic  echinoderms  as 
well.  Passing  dorsally  again,  we  find  a  sixth  column  introduced  by  the 
pentagon  number  6,  with  an  adjacent  heptagon,  H,  on  the  left,  which  is 
a  member  of  column  5.  Column  6  at  its  point  of  origin  has  three  col- 
umns on  the  left  and  two  on  the  right  and  is  therefore  right-handed. 
Continuing  still  further  dorsally,  we  find  column  7,  which  is  introduced 
by  the  terminal  pentagon  number  7,  with  an  adjacent  heptagon,  H,  on 
its  right.  The  heptagon  is  a  member  of  column  6.  Column  7  at  its  point 
of  origin  has  three  columns  on  either  side. 

It  is  seen  in  the  above  that  the  odd-numbered  columns  3,  5,  and  7  are, 
when  they  originate,  in  the  center,  with  an  equal  number  of  columns  on 
either  side ;  also  it  is  seen  that  the  even-numbered  columns  4  and  6  are 
as  near  the  center  as  they  can  be,  but  Ml  to  the  right  of  the  center,  with 
one  more  column  on  the  left  than  on  the  right  at  their  point  of  origin.* 
It  is  further  to  be  noted  that  in  the  ideal  case  heptagonal  plates  &11  al- 
ternately on  opposite  sides  of  the  terminal  pentagons  in  successively 
added  columns,  namely,  on  the  right  in  odd  columns  and  on  the  left  in 
even  columns,  and  are  thus,  when  in  their  correct  position,  members  of 

*  Id  the  reconstructloas  of  the  initial  interambulaoral  plate  (figures  10  and  11,  plate  3)  column  1 
would  aUo  originate  in  a  central  position  and  column  2  would  apparently  originate  with  one  col- 
umn on  the  left  in  accordance  with  the  above  law  of  the  method  of  introduction  of  new  columns. 
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the  preceding  column  to  that  one  to  which  the  terminal  pentagon  belongs 
(see  plate  3,  figure  12 ;  plate  4,  figures  18  and  19 ;  plate  5,  figure  20). 
This  position  of  heptagonal  plates,  however,  is  a  character  which  is  sub- 
ject to  somewhat  frequent  exceptions,  as  shown  in  the  tables  on  pages 
165  to  170.  The  above  may  be  accepted  as  the  rule  in  the  method  of 
introduction  of  new  columns  in  MdoniteSj  Oligopoms,  Sind  other  Paleozoic 
echini. 

As  new  columns  were  added  as  the  animal  progressively  grew  dorsally,* 
and  as  new  columns  were  introduced  by  a  pentagonal  plate,  an  apex  of 
which  pointed  ventrally  or  toward  the  oral  area  (plate  3,  figure  12),  there 
is  in  this  feature  an  important  aid  in  diagnosing  the  relative  position 
of  the  axes  in  even  fragmentary  specimens.  It  has  been  ascertained 
that  this  conclusion  is  correct  by  finding  the  termination  of  columns  as 
stated  in  14  specimens  in  which  the  axes  were  positively  known  from  the 
presence  of  genital  and  ocular  plates  (plate  3,  figure  13).  This  feature  is 
one  that  has  been  overlooked  by  previous  writers,  for  in  almost  all  pub- 
lished figures  of  Melonitidse,  and  other  Paleozoic  echinoids  as  well,  in 
which  the  termination  of  columns  is  shown,  the  apex  of  the  terminal 
pentagon  points  toward  the  upper  pole  of  the  figure,  which  should  be  the 
anal  pole.  This  demonstrates  that  such  figures  were  not  correctly 
orientedj  the  oral  and  anal  ends  being  transposed.  This  remark  applies 
to  Meek  and  Worthen's  (30,  31)  figures  of  Rhoechinus  gra^cilisy  Oligaporus 
dana  and  Lepidocidaris  aquamoaus,  Hambach's  (18)  figure  of  MehniUs 
craamSj  and  M'Coy's  (28)  figure  of  Palseechinus  aphsa^icus,  as  well  as  some 
others. 

In  passing  toward  the  anal  area  where  the  younger  plates  are  situated, 
we  find  that  there  is  a  gradual  passage  from  the  hexagonal  form  char- 
acteristic of  the  older  plates  of  median  columns.  This  change  of  form  is 
shown  well  in  a  choice  specimen  of  Mdoniiea  multiporua  which  Professor 
Wm.  B.  Clark,  of  Johns  Hopkins  University,  kindly  loaned  for  study 
(plate  3,  figure  13).  It  is  also  shown  in  plate  5,  figure  20.  In  the  pro- 
gressively younger  plates,  the  form  is  gradually  modified  by  the  progres- 
sively shorter  lengths  of  the  upper  and  lower  sides  of  the  hexagon  until 
the  plates  have  a  more  or  less  rhombic  form.  At  this  part  of  the  test  it 
would  be  more  convenient  to  study  the  plates  in  a  descending  order,  for 
the  growth  is  properly  from  the  early  rhombic  form  to  the  mature  hex- 
agonal form.  In  passing  from  the  rhombic  form  to  the  hexagonal  it  is 
occasionally  seen  that  while  the  upper  end  of  the  rhomb  retains  its 
character  the  lower  portion  is  truncated  by  a  horizontal  edge,  thus  form- 
ing a  pentagonal  plate  with  its  apex  directed  dorsally,  as  in  plate  P, 
of  figure  13,  plate  3.    There  is,  however,  no  need  of  confusing  this  type 

*8ee  farther  discuBsion  aoder ''ConclaaiooB"  in  the  sucoeediog  paper. 
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of  plate  with  termiaal  pentagons  of  newly  introduced  columns.  Close 
to  the  genital  plates  the  interambulacral  plates  are  quite  irregular  in 
form.  A  comparable  irregularity  of  form  in  newly  introduced  platea 
may  be  seen  in  any  modern  echinoid,  as  Strongyhcentroiaa.  Concurrently 
with  the  change  in  form,  passing  dorsally,  there  is  a  progressive  reduc- 
tion near  the  abactinal  area  of  the  number  of  columns  (plate  3,  figure  13). 
This  reduction,  it  seems,  is  to  be  ascribed  to  the  progressively  narrowing 
area  which  the  upper  part  of  the  interambulacral  area  presents.  To 
make  a  homely  simile,  it  may  be  compared  to  a  flock  of  sheep  coming 
through  a  narrow  pass.  The  small  number  in  the  pass  does  not  mean 
that  the  flock  is  lessening,  but  that  no  more  can  get  through  at  once. 
We  take  it,  therefore,  that  the  decreasing  number  of  plates  at  the  dorsal 
end  of  the  interambulacrum  does  not  mean  that  the  number  of  columns 
is  dying  out,  but  that  as  a  mechanical  matter  no  more  plates  can  get 
through  this  narrow  area  at  once.  An  evidence  of  this  crowding  out  of 
columns  is  shown  well  in  plate  5,  figure  20.  Here  the  separation  or 
stringing  out  of  successive  plates  of  the  same  column  is  most  striking. 
The  perpendicular  dotted  lines  will  serve  to  indicate  which  plates  belong 
to  a  given  column,  although  separated.  The  fact  that  the  full  number 
of  columns  may  yet  be  traced  in  dissociated  plates  quite  near  the  dorsal 
terminus  is  brought  out  by  the  oblique  line  X-Y  in  plate  3,  figure  13, 
which  bisects  the  separated  plates  of  the  8  perpendicular  columns  ex- 
istent in  this  interambulacrum,  and  this  fact  is  clearly  brought  out  by 
the  lines  X,  F,  Zin  the  diagram  on  page  164.  This  change  to  the  rhombic 
form  near  the  dorsal  area  is  also  shown  by  plate  5,  figures  20,  21,  plate  6, 
figure  31,  and  plate  7,  figure  36. 

Proof  that  the  crowding  out  of  columns  is  due  to  the  narrowness  of  the 
area  can  only  be  obtained  by  getting  young  material,  which  several  efforts 
failed  to  procure.  Still,  it  is  possible  that  in  quite  young  stages,  where 
the  number  of  columns  is  smaller,  all  might  continue  to  the  dorsal  ter- 
mination without  interruption,  because  the  area  would  be  relatively  less 
crowded  with  fewer  columns.  The  crowding  out  is  distinctly  not  a  dying 
out  of  columns,  for  when  columns  die  out  or  cease  to  be  continued  to  the 
dorsal  area  it  is  commonly  the  middle  or  last  added  column  which  drops 
out  first  in  the  cases  observed,  as  shown  in  the  dropping  out  of  column  11 
in  the  dorsal  area  of  Melonites  giganteus  (plate  5,  figure  21).  The  dying  out 
of  columns  is  a  change  from  the  progressive  addition  or  maintenance  of 
columns,  and,  in  so  far  as  it  goes,  may  be  regarded  as  a  retrogressive 
feature.  This  is  not  a  common  feature,  as  observations  show.  In  OUgo- 
porus  miaaouriensls  (plate  9,  figure  50)  a  sixth  column  of  plates  exists  for 
a  brief  period,  and  in  Lepidesthes  wortheni  (plate  9,  figure  53)  four  columns 
of  interambulacral  plates  are  found  ventrally,  but  one  soon  drops  out. 
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These  are  the  only  cases  observed  of  a  reduction  in  the  number  of  columns 
passing  dorsally  in  any  Paleozoic  echini.* 

Variations  in  the  Interambulacrum. 

Having  described  an  ideal  normal  type  of  plate  arrangement  of  the 
interambulacrum,  it  is  desired  to  call  attention  to  one  of  the  most  irregu- 
lar specimens  of  Mdonitea  muUiporus  seen.  The  specimen  is  in  the  col- 
lections of  the  Wagner  Free  Institute  of  Philadelphia,  accession  number 
3226.  It  is  in  a  large  slab  with  several  other  individuals.  The  specimen 
(plate  3,  figure  14)  has  eight  columns  in  the  interambulacrum.  It  thus 
gives  an  added  column  of  plates  as  compared  with  that  shown  in  plate  3, 
figure  12.  Part  of  the  plates  of  the  area  are  hidden  in  the  matrix,  but 
those  visible  show  the  essential  features  for  a  comparison.  At  the  ventral 
end,  as  far  as  seen,  there  are  four  columns  of  plates  (plate  3,  figure  14), 
but  a  fifth  column  is  soon  introduced  by  the  pentagon  number  5.  This 
column  at  its  point  of  origin  has  two  columns  on  either  side.  The  sixth 
column  is  introduced  by  pentagon  6.  It  has  a  heptagon  on  the  left,  which 
is  a  member  of  column  5,  and  has  three  columns  on  the  left  and  two  on  the 
right  at  its  point  of  origin,  as  in  plate  3,  figure  12.  The  seventh  column  is 
introduced  by  pentagon  7,  having  a  heptagon  on  the  left,  which  is  a  mem- 
ber of  column  5  instead  of  column  6,  as  in  plate  3,  figure  12.  Column  7 
has  the  usual  number  of  columns  on  either  side.  Column  8  is  peculiar 
in  that  it  originates  with  a  hexagonal  plate  8  instead  of  with  a  pentagon, 
as  in  the  cases  previously  mentioned  and  as  seen  in  column  8  of  the 
cases  tabulated  on  pages  165  to  170.  This  column  at  its  point  of  origin 
has  four  columns  on  the  left  and  three  on  the  right,  the  theoretically  cor- 
rect position  for  an  even-numbered  column  (compare  with  plate  5,  figure 
20,  and  plate  3,  figure  12).  Hexagon  8  has  an  octagonal  plate,  0,  on  the 
left,  which  is  a  member  of  column  7.  The  octagonal  form  of  this  plate 
is  caused  by  the  reentrant  angle  made  by  the  hexagonal  form  of  plate  8. 
It  is  seen  in  the  diagram  (plate  3,  figure  15)  that  a  change  to  the  pen- 
tagonal form  of  plate  8,  together  with  a  slight  shifting  of  associated  plates, 
would  make  both  these  plates  of  the  usual  form.  The  specimen  is  of  in- 
terest as  showing  the  development  of  the  eighth  column  in  its  correct 
position  by  our  law  of  alternation ;  also  as  showing  that  the  first  formed 
plate  of  a  newly  introduced  column  is  not  always  a  pentagonal  plate  ; 

*  Id  the  E.  M.  Museum  At  Prinoeion,  New  Jersey,  there  are  three  specimens  (catalogue  numbers 
IMi,  14e8k  14Ma)  which  show  the  Jaws  in  place.  These  consist  of  10  dental  pyramids  lying  opposite 
the  interambulacral  areas.  When  complete  they  meet  orally  in  acute  terminal  angles.  In  two 
tpeeirocns  (1464  and  1466)  part  of  the  ambulacral  and  a  few  Interambulacral  plates  of  the  peristome 
u-«  preserved.  These  plates  are  more  or  less  irregular,  and  the  ambulacral  plates  haye  two  pores. 
The  specimeofl  were  seen  too  late  to  include  them  in  this  paper  further  than  by  this  note. 

XXI— Biru..  Gbol.  Soo.  Am.,  Vol.  7, 1896. 
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this  and  a  few  other  cases  which  are  figured  *  or  described,  being  how- 
ever,  the  only  exceptions  seen  to  the  rule  of  terminal  pentagonal  plates 
(above  number  3,  plate  2,  figure  2)  seen  in  either  Mehnitea  or  Oligoporus, 
which  is  somewhat  remarkable,  as  in  these  two  genera  terminal  plates 
are  figured  or  tabulated  in  this  paper  in  more  than  260  columns,  all  but 
six  of  which  were  pentagonal  (or  hexagonal,  when  initial  plates  of  column 
3),  and  these  exceptions  were  in  all  cases  due  to  peculiar  local  conditions, 
as  described. 

Another  feature  shown  by  this  specimen  is  the  fact  that  heptagonal 
plates,  which  lie  next  to  terminal  pentagons,  are  not  necessarily  members 
of  the  immediately  preceding  column.  Other  cases  of  this  variation  from 
the  typical  position  of  heptagonal  plates,  which  are  not  infrequent,  are 
seen  in  the  tables  on  pages  165-170.  From  lateral  thrusts  and  pressure 
a  new  column  is  introduced  the  initial  plate  normally  takes  on  a  when 
pentagonal  form  and  an  adjacent  plate  takes  on  a  heptagonal  form,  this 
being  a  mechanical  compensation  for  the  missing  side  of  the  pentagon 
in  an  area  where  plates  are  either  hexagonal  or  the  equivalent. 

A  peculiar  case  of  irr^ular  arrangement  of  plates  is  that  shown  in  the 
ventral  area  of  MelonUes  muUiporas,  plaie  3,  figure  16.t  The  ventral  plates 
1  and  2  show  on  their  lower  border  a  reentrant  angle  for  the  missing 
initial  interambulacral  plate  (compare  with  plate  3,  figure  10),  as  dis- 
cussed above ;  the  third  column  originates  in  a  pentagonal  plate,  num- 
ber 3,  this  being  the  only  case  observed  in  which  this  plate  was  not  hex- 
agonal (compare  plate  2,  figure  2) ;  the  second  plate,  ff,  in  the  third  column 
is  heptagonal  and  very  irregular  in  form ;  the  initial  plate  of  the  fourth 
column,  number  4,  originates  in  the  fourth  instead  of  the  third  row,  its 
characteristic  position,  and  is  heptagonal,  its  ventral  termination  making 
a  reentrant  angle  in  plate  H  and  being  truncated  dorsally  by  pentagon  5 ; 
the  other  plates  of  the  area  are  of  the  usual  form.  Only  one  other  case, 
plate  3,  figure  12,  has  been  seen  in  which  plate  4  did  not  originate  in  im- 
mediate contact  with  initial  plate  3.  It  has  been  stated  that  the  normal 
form  of  median  plates  of  the  interambulacrum  is  hexagonal,  and  it  is 
worth  noting  that  this  case  makes  only  a  modification  of  the  rule.  The 
sum  total  of  plates  3,  JET,  4,  and  5  gives  24  sides,  which  divided  by  four 
gives  an  average  of  six  sides  to  each  plate. 

In  a  specimen  in  the  Museum  of  Comparative  2i06logy  (catalogue  num- 
ber 3021)  two  peculiar  variations  from  the  normal  exist.  In  this  speci- 
men (plate  2,  figure  7)  the  initial  plate  6  of  the  sixth  column  is  tetrago- 
nal, a  rare  variation ;  also,  the  heptagonal  plate  H,  associated  with  the 
terminal  pentagon  8  of  column  8,  occurs  not  adjacent  to  the  pentagon 

*  Plate  2,  figures  6  and  7 ;  plate  3,  figare  16;  plate  5,  fifcare  21. 

t  The  specimea  is  in  Yale  Uai^ersity  Museum,  dlamood  number  167,  specimen  H. 
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bat  in  the  fifth  instead  of  the  seventh  column,  as  usual.  This  heptagon, 
it  is  to  be  noted,  is  in  the  correct  horizontal  row,  although  in  an  unusual 
vertical  column.  Two  or  three  similar  cases  of  unusual  position  of  hep- 
tagonal  plates  have  been  observed  in  Melonites  muUiporua  and  Melonitea 
gigantetM,  Jackson  (see  area  /in  tabulation  of  the  latter  species). 

In  the  E.  M.  Museum  at  Princeton,  New  Jersey,  there  is  a  specimen 
of  Mdonilea  muUiporua  (catalogue  number  1462)  which  has  nine  columns 
of  plates.  The  initial  plate  of  column  5  is  tetragonal  with  two  adjacent 
heptagonal  plates,  as  in  initial  plate  6,  of  plate  2,  figure  7.  Another 
peculiarity  is  the  fact  that  column  7  at  its  point  of  origin  has  four 
columns  on  the  left  and  two  on  the  right  instead  of  being  median  in 
position.  An  adjacent  interambulacrum  of  the  specimen  is  normal,  not 
showing  the  mentioned  local  peculiarities. 

A  peculiar  terminal  plate  of  column  4  is  shown  in  plate  3,  figure  10. 
In  this  specimen  the  initial  plate  of  its  column  is  tetragonal  in  form,  and 
this  is  almost  the  only  case  of  the  kind  seen,  except  that  shown  in  plate 
2,  figure  7,  and  plate  2,  figure  6.  This  plate  impinges  on  the  dorsal  border 
of  initial  plate  3  in  the  usual  manner  (compare  with  plate  2,  figure  2). 
It  is  shown  that  newly  introduced  plates  near  the  dorsal  area  are  rhombic 
in  form,  and  it  would  seem  that  from  the  quick  introduction  of  the  second 
plate  4'  in  this  column  the  initial  tetragonal  plate  4  had  been  checked  in 
its  development  so  as  never  to  assume  the  typical  form. 

While  in  the  body  of  the  interambulacrum  only  terminal  ventral  plates 
of  newly  added  columns  are  pentagonal,  a  few  exceptions  have  been  ob- 
served in  which  other  plates  have  a  pentagonal  form.  Such  a  case  is 
seen  in  plate  3,  figure  17,  where,  besides  the  initial  pentagon  of  column 
8  there  are  two  accessory  pentagons  developed,  one,  P,  on  the  left  of  pen- 
tagon 8  and  one,  P",  on  the  dorsal  border  of  the  same.  We  see  nothing 
to  account  for  this  peculiarity,  which  is  exceedingly  rare,  except  chance 
variation.  In  this  case  it  would  seem  that  either  pentagon  8  or  P  might 
be  selected  as  the  initial  pentagon  of  column  8,  but  the  left-hand  penta- 
gon is  evidently  a  member  of  column  7 ;  also  selecting  the  right-hand 
pentagon  for  the  terminal  brings  column  8  in  its  correct  theoretical  posi- 
tion, with  four  columns  on  the  left  and  three  on  the  right. 

MeUmites  mvUiporus  is  described  as  having  seven  or  eight  columns  of 
plates  in  the  interambulacrum.  This  is  the  rule ;  but  in  the  large  series 
of  specimens  examined  many  exceptions  have  been  found  in  which 
nine  columns  existed  in  the  interambulacrum.  Thirteen  of  such  areas 
are  tabulated  in  the  tables  on  pages  165  to  170.  One  of  the  best 
examples  seen  is  that  shown  in  plate  5,  figure  20.  In  the  right-hand 
interambulacrum  of  this  specimen,  columns  5,  6,  7  and  8  originate  in 
pentagonal  plates,  as  numbered,  with  heptagonal  plates  on  their  left 


154      JACKSQN  AND  JAGGAR — STUDIES  OP  MELON JTB8  MULTIPORUS. 

or  right,  in  exact  accordance  with  the  law  as  worked  out  in  this  paper  * 
The  ninth  column  originates  in  pentagon  9,  with  a  heptagonal  plate  on 
its  right  ventral  side,  and  with  four  columns  of  plates  on  either  side,  thus 
taking  its  correct  theoretical  position.  The  same  statement  holds  good 
for  the  introduction  of  the  eighth  and  ninth  columns  in  the  left  adjoining 
interambulacrum  of  the  same  specimen,  as  shown  in  the  figure.  This  de- 
parture from  the  rule  of  having  only  seven  or  eight  columns  is  a  variation 
which  might  be  expected  in  a  type  of  echinoderms  which  has  already 
such  a  multiplication  of  parts.  It  is  a  variation  in  the  direct  line  of  pro- 
gressive ascent  in  the  group  to  which  it  belongs,  eleven  columns  being 
characteristic  of  Mehnitea  giganteus  (plate  5,  figure  21),  the  next  higher 
species  of  the  genus. 

The  introduction  of  the  ninth  column  is  shown  in  plate  2,  figure  6,  a 
specimen  which  is  also  included  in  the  table  on  page  169.  In  this  speci- 
men (number  3017)  the  initial  plate  of  the  ninth  column  is  rhombic. 
It  has  only  built  a  few  plates,  having  originated  shortly  before  the  addi- 
tion of  new  plates  ceased  in  the  life  of  the  individual.  A  heptagonal 
plate  lies  on  its  right  lower  side,  as  usual. 

While  in  some  cases  nine  columns  of  interambulacral  plates  develop  in 
several  interambulacral  areas  of  a  specimen,  it  is  not  infrequent  that  only 
one  or  two  areas  acquire  nine  columns,  while  other  areas  of  the  same 
specimen  have  no  more  than  eight.  This  fact  is  brought  out  in  the  tabu- 
lations of  areas  which  are  considered  in  succeeding  pages. 

Imbrication  of  Plates. 

Having  described  the  typical  arrangement  of  ambulacral  and  inter- 
ambulacral plates  in  Mehniiea  multiporusy  it  is  desired  to  leave  temporarily 
the  consideration  of  interambulacral  areas  and  take  up  the  matter  of 
imbrication  and  the  genital  and  ocular  plates  as  described  in  this  and 
the  succeeding  sections. 

Imbrication  of  plates  is  quite  a  common  feature  in  Paleozoic  echinoids, 
being  most  strongly  marked  in  Lepidocenirus,  Lepidechinvs  and  allies.  In 
the  Melonitideet  the  imbrication  is  very  slight.  The  ambulacral  plates 
have  practically  perpendicular  sides,  both  laterally  and  dorso-ventrally 
(plate  2,  figure  6) ;  what  inclination  occurs  may  be  accounted  for  by 
the  mechanical  necessity  for  inclined  edges  in  thick  plates  which  form 
an  arcuate  test. 

In  the  interambulacrum  the  adambulacral  plates  imbricate  under  the 
adjacent  ambulacrals  (plate  2,  figure  6)  and  not  over  them,  as  in  Lepido- 
centnia  and  Lepidechinus.    The  median  columns  of  plates  of  the  inter- 

*  Excepting  that  the  heptujcoD  next  pentagon  6  should  be  on  the  right. 

t  Excluding  the  genus  Lepidesthet  and  allies,  which  are  placed  in  a  family  by  themselTeo,  the 
Z^epidetthidoBt  Jackson.    (See  systematic  table  in  the  succeeding  paper  under  "Conclusiona.") 
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ambulacrum  can  not  be  said  to  show  imbrication.  They  are  very  thick 
in  the  species  MdonUes  muUiporvs  (plate  2,  figure  5),  and  thicker  still  in 
Meloniles  gigarUeu8j  Jackson,  as  shown  in  the  broken  portion  of  area  I 
(plate  4,  figure  19).  The  several  sides  of  the  plates  diverge  upward  and 
outward  as  a  mechanical  necessity  to  fill  space  in  a  curved  test  In 
species  where  the  test  is  thin,  as  in  Oligoporua  coreyi,  M.  and  W.,  the 
wedge-like  form  of  the  plates  is  less  apparent  than  in  species  where  the 
plates  are  thicker  as  described. 

The  details  of  imbrication  or  want  of  it  as  described  in  MeloniteamiUti' 
portis  have  been  also  observed  in  Oligoporua  danm  and  Rhoechinus  elegans. 
Therefore  this  type  of  mutual  plate  contact  may  be  considered  as  char- 
acteristic of  the  family. 

Genital  and  ocular  Plates  and  Discussion  of  Orientation. 

In  the  Johns  Hopkins  specimen  of  Melonitea  muUiporiLa  (plate  3,  figure 
13)  the  genital  plates  are  seen  in  all  five  areas.  In  these  plates  there  are 
three,  or  four  pores  in  each  plate.  The  same  condition  occurs  in  a  speci- 
men in  the  Museum  of  Comparative  Zoology  (catalogue  number  3077),  and 
in  a  specimen  in  the  Boston  Society  of  Natural  History  (catalogue  num- 
ber 11569),  in  both  of  which  five  genital  plates  are  preserved  intact  In 
no  case  have  five  pores  or  less  than  three  pores  been  observed  in  a  genital 
plate,  though  altogether  quite  a  large  number  of  plates  have  been  exam- 
ined. The  same  condition  of  pores  has  been  observed  in  Oligoponta 
miaaouriensia,  Jackson,  as  described  in  the  succeeding  paper. 

Messrs  Meek  and  Worthen  (30)  have  figured  the  genital  and  ocular 
plates  of  Melonites  muUiporaa,  and  in  their  figure  each  of  the  genital  plates 
has  four  or  five  pores.  We  would  not  question  the  accuracy  of  their 
figure,  for  all  the  work  of  these  authors  on  Paleozoic  echini  is  of  the  most 
painstaking  and  accurate  kind ;  but  it  is  felt  that  this  large  number  of 
pores  is  not  to  be  considered  the  normal  or  average  condition,  being 
rather  an  unusual  increase.  Mr  C.  R.  Keyes  (23)  has  recently  published 
a  figure  of  Melonitea  multiporuaj  in  which  the  genital  plates  have  three 
pores  in  two  cases  and  four  in  two  others.  The  fifth  plate  has  a  single 
large  pore,  but  has  a  number  of  minute  ones,  and  is  described  as  a  madre- 
poric  plate.  We  have  not  seen  any  genital  plate  with  less  than  three 
pores  and  have  never  seen  evidence  of  a  madreporic  character  in  any  of 
the  plates.  Some  one  of  the  plates,  from  analogy,  one  would  suppose 
must  be  madreporic  in  nature,  and  it  is  important  that  Keyes  has  shown 
it  may  be  found,  although  specimens  showing  it  must  be  very  rare.  It 
seems  possible  that  there  is  in  his  figure  some  error  about  the  single  large 
pore ;  but  if  it  is  correct,  then  a  reduction  as  well  as  an  increase  from  the 
normal  number  must  be  allowed  for. 
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The  ocular  plates  of  Mdonites  mtdtiporus  have  never  been  figured  as 
perforated  by  pores,  although  Meek  and  Worthen  (30)  suggested  th&t 
they  may  perhaps  sometimes  show  pores.  We  have  had  the  opportanity 
to  examine  a  good  many  ocular  plates  in  MdonUes  multipanUj  and  in  no 
case  were  they  perforated.  The  same  observation  is  true  of  OUgapam 
miaMUfiensia,  Jackson.*  It  seems  best  to  give  up  finally  the  idea  of  pores 
in  the  oculars  of  adult  Meionitea,  unless  some  are  actually  ohBerrei 
Pores  in  ocular  plates  are  so  constant  a  feature  in  echinoids  (two  are 
figured  in  Palseechinus  by  Bailey  (5))  that  MdonUes  and  Oligofporus  must 
be  considered  as  exceptional  in  this  feature,  and  quite  likely  they  would 
be  found  in  the  young,  if  such  material  could  be  obtained. 

In  the  figures  (2, 18,  20)  and  tables  (pages  165-170)  of  MeUmiia  muAi- 
form  the  several  areas  are  oriented,  the  interambulacra  and  ambulacra 
being  designated  by  letters  from  ^  to  J,  inclusive.  As  madreporic  plates 
have  not  been  seen,  any  interambulacral  area  is  selected  as  a  starting 
point  and  succeeding  areas  are  counted  from  left  to  right,  revolving  like 
the  hands  of  a  watch,  when  looking  down  on  the  echinus  from  the  dorsal 
side.  The  orientation  is  necessarily  reversed  when  the  echinus  is  viewed 
from  the  ventral  side  (plate  2,  figure  2).  It  would  be  interesting  if  means 
of  differentiating  areas  could  be  established ;  but  at  present  it  seems  im- 
possible, for  the  areas,  as  far  as  known,  present  no  radial  specializations. 
If  a  definite  method  of  orientation  could  be  established  from  genital 
plates,  it  is  feared  that  this  would  not  aid  one  in  orienting  areas  in  sped- 
mens  which  were  imperfect  dorsally.  Perhaps  the  orientation  adopted 
in  these  papers  is  as  convenient  as  any  that  could  be  practically  applied. 

Tabulations  of  Plate  Arrangement  in  the  interambulacral  and 

AMBULACRAL    ArEAS. 

In  order  to  give  a  description  in  brief  form  of  a  greater  number  of  in- 
terambulacral and  ambulacral  areas  in  Melonites  miUtiporua  than  could  be 
figured,  the  accompanying  tables  are  introduced.  Besides  giving  other 
additional  cases,  these  tables  represent  the  arrangement  in  cases  where  it 
would  be  impossible  to  figure  them  adequately,  as  in  areas  on  the  oppo- 
site sides  of  the  same  specimen. 

In  the  tables  the  characters  to  be  compared  are  arranged  in  perpen- 
dicular lines.  The  interambulacral  areas,  indicated  by  letters  A,  (7,  £!,  G 
and  I,  are  all  considered  as  successive  areas,  as  seen  looking  down  on  the 
test  from  the  dorsal  side  and  revolving  from  left  to  right  like  the  hands 
of  a  watch.  This  is  the  same  notation  that  has  been  pursued  in  the 
plates,  as  plate  4,  figures  18  and  19,  plate  6,  figure  20.    llie  first  column 

*  See  succeeding  paper,  plate  9,  figure  £2. 
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in  a  table  gives  the  total  number  of  columns  of  plates  in  the  area.  Un- 
less the  area  is  nearly  or  quite  complete  dorsally  this  number  is  omitted, 
for  if  the  area  is  incomplete  any  number  stated  might  be  too  low.  In 
the  second  column  the  number  of  the  column  is  given ;  in  the  third  the 
forai  of  the  plate  in  which  the  column  terminates  ventrally,  indicated  by 
P  if  pentagonal  and  by  X  if  hexagonal,  or  if  otherwise  by  reference  to 
foot-notes.  In  the  fourth  column  is  given  the  number  of  the  horizontal 
row  counting  from  the  oral  end  in  which  the  given  column  of  plates 
originates.  There  are  two  plates  only  at  the  oral  end  of  an  adult,  and 
these  are  called  row  number  1,  and  succeeding  rows  are  counted  from 
that  point  upward  (compare  with  plate  2,  figure  2).  Obviously  in  most 
cases  the  oral  termination  is  incomplete.  In  such  cases  the  position  of 
the  first  introduced  column  is  assumed  to  be  in  the  average  position ; 
but  the  affixed  number  is  then  indicated  by  an  asterisk,  excepting  when 
only  one  row  is  wanting  and  the  interambulacrum  begins  with  the  iifitial 
plate  of  column  3.  The  advantage  of  this  is  to  give  the  relative  position 
above  the  first  observed  column  of  its  later  added  fellows.  The  applica- 
tion of  this  notation  is  seen  in  the  table  of  specimen  number  3010.  The 
fifth  and  sixth  columns  indicate  the  number  of  columns  on  the  left  and 
right  of  a  column  at  its  ventral  termination,  or  when  first  introduced. 
The  seventh  column  gives  the  position  of  heptagonal  plates  whether  on 
the  left  or  right  of  terminal  pentagons.  Any  special  exceptions  are  indi- 
cated in  foot-notes.  For  the  sake  of  an  easy  comparison  of  the  several 
columns  and  to  show  individual  variation,  the  characters  which  conform 
to  the  ideal  law  of  growth  are  printed  in  Roman  characters ;  those  which 
are  variations  from  the  ideal  or  normal  are  printed  in  italics,  so  as  to  be 
readily  picked  out.  It  may  be  stated  that  the  specimens  were  not  selected 
otherwise  than  as  being  sufficiently  perfect  to  show  satisfactorily  the  fea- 
tures of  plate  arrangement.  More  tabulations  might  have  been  included, 
but  they  were  omitted  for  the  sake  of  brevity.  It  will  therefore,  we  think, 
be  conceded  that  the  variations  from  the  normal  ideal  type  are  relatively 
few.  A  comparison  of  the  arrangement  indicated  in  these  tables  should  be 
made  with  the  similar  table  of  MeUmites  giganteua  in  the  succeeding  paper 
and  with  the  figures  of  the  several  genera  and  species  figured  in  the  plates ; 
alfio  with  the  ideal  reconstruction  (see  figure  1,  page  164). 

Reicarks  on  the  Tables  of  Plate  Arrangement. 

The  first  case  (page  165)  is  specimen  3016  *  in  the  Museum  of  Compar- 
ative Zoology.  This  specimen  is  remarkable  in  that  it  has  the  10  ambu- 
lacral  and  interambulacral  areas  preserved  almost  in  their  original  com- 

*  Thifl  spaoiman  was  paroiiased  of  Ward,  of  Rochester,  for  the  Student  Paleontological  Collection, 
bQi  tinea  ita  ralue  was  aioertained,  it  has  been  transferred  to  the  Museum. 
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pleteness.  It  is  noteworthy  that  at  first  sight  it  is  a  specimen  of  indifferent 
quality,  being  considerably  worn  and  compressed.  By  critical  study  all 
the  areas  were  made  out,  as  indicated  in  the  table.  The  first  row  of  inter- 
ambulacral  plates  is  absent,  but  the  second  exists  in  each  area.  The 
ambulacra  have  4  columns  of  plates  at  the  ventral  termination  in  all  5 
areas,  the  characteristic  condition  at  this  portion  of  the  test  Three  inter- 
ambulacra,  £,  G  and  if,  have  9  columns  of  plates,  but  the  other  two  areas, 
A  and  £,  have  only  8.  They  might,  however,  have  shown  a  ninth  column 
added  if  preserved  to  the  dorsal  area  where  they  are  wanting.  The  initial 
plates  of  column  three  in  the  5  areas  are  hexagonal  as  usual.  The  other 
25  terminal  plates  of  columns  in  the  specimen  have  the  regulation  pen- 
tagonal form.  Columns  3  and  4  originate  in  the  second  and  third  row 
respectively  in  all  areas.  Initial  plate  4  truncates  the  dorsal  border  of 
initial  plate  3  as  usual.  Column  5  originates  in  the  fifth  or  sixth  row, 
colun\n  6  in  the  ninth  or  tenth  row,  column  7  in  the  twelfth  or  thirteenth 
row,  and  column  8  in  the  sixteenth  or  seventeenth  row.  The  ninth 
column  originates  in  the  one  area  where  counted  in  the  twenty-third  row. 
The  ninth  column  in  area  I  originates  one  column  too  far  to  the  right, 
but  the  other  16  odd-numbered  columns  originate  in  a  median  position, 
with  an  equal  number  of  columns  on  either  side.  Of  the  13  even-num- 
bered columns,  11  originate  with  one  more  column  on  the  left  than  on 
the  right;  the  other  two  originate  with  one  more  column  on  the  right 
than  on  the  lefL  Of  the  18  heptagonal  plates  adjoining  terminal  pen- 
tagons, 13  occupy  the  correct  theoretical  position.  Thus  this  specimen  is 
very  nearly  normal  as  well  as  very  perfect,  showing  little  departure  from 
the  ideal  type  of  plate  arrangement,  excepting  in  the  unusual  position 
of  the  ninth  column  in  area  /. 

The  next  specimen  tabulated  (page  166)  is  also  important  as  showing 
the  arrangement  in  5  interambulacra  for  comparison.  This  specimen, 
number  3010,  is  in  the  Museum  of  Comparative  Zoology.  Each  ambu- 
lacral  area  has  four  columns  of  plates  ventrally.  All  the  areas  are  want- 
ing in  the  dorsal  portion,  as  that  is  firmly  bedded  in  the  rock.  One 
interambulacral  area,  /,  shows  8  columns  of  plates ;  the  other  4  areas 
show  only  7.  It  is  possible,  even  probable,  that  an  eighth  would  have 
been  added  to  some  of  them  if  the  dorsal  portion  were  visible.  Initial 
plates  of  column  3  are  shown  in  areas  C,  E  and  /.  All  are  hexagonal, 
having  their  dorsal  borders  truncated  by  initial  plate  4  of  column  4.  All 
the  other  20  columns  tabulated  originate  in  pentagonal  plates.  The  same 
numbered  column  originates  in  nearly  or  quite  the  same  row  in  each  of 
the  5  areas.  A  close  comparison  of  the  row  in  which  columns  originate 
is  requested  in  this  table  and  the  preceding  one.  This  will  give  one  a 
good  idea  of  the  definite  uniformity  of  growth  maintained  throughout 
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the  corona  in  two  very  perfectly  preserved  and  quite  average  specimens 
in  all  details.  The  odd-numbered  columns  are  all  median  at  their  point 
of  origin.  Six  even-numbered  columns  are  out  of  place,  originating 
one  row  too  far  to  the  left ;  also  6  heptagonal  plates  occupy  the  incorrect 
position.  Otherwise  the  specimen  conforms  entirely  to  the  ideal  method 
of  arrangement  as  here  formulated. 

The  specimen  (number  2991)  next  considered  (page  167)  is  in  tho 
Museum  of  Comparative  Zoology.  It  has  4  columns  of  ambulacral  plates 
ventrally  in  the  4  areas  shown ;  also  there  are  3  interambulacral  areas 
which  are  preserved  from  the  second  row  of  plates  nearly  to  the  dorsal 
termination  of  the  areas.  The  initial  plates  of  14  columns  shown  are 
pentagonal.  The  initial  plate  of  column  3  in  area  G  is  hexagonal,  but 
in  areas  A  and  E  the  ventral  border  of  the  initial  plate  3  is  not  shown ; 
therefore,  though  doubtless  hexagonal,  the  form  is  not  given.  The  several 
eolumns  in  each  area  originate  in  about  the  usual  row  as  compared  with 
each  other  and  with  other  specimens.  The  9  odd-numbered  columns  are 
all  median  in  position  at  the  point  of  origin.  Four  even-numbered 
columns  are  out  of  place,  being  one  column  too  far  to  the  left ;  also  5 
heptagons  are  in  the  incorrect  position,  by  rule ;  otherwise  the  plate  ar- 
rangement is  entirely  normal  throughout. 

Specimen  number  3021  (page  167)  in  the  Museum  of  Comparative 
Zoology  has  9  columns  in  both  areas  shown.  Area  A  is  complete  dorsally ; 
one  column,  the  eighth,  is  one  column  too  far  to  the  left  at  its  point  of 
origin,  but  otherwise  this  area  conforms  to  the  ideal  in  all  details  of  its 
plate  arrangement.  Area  C,  however,  is  one  of  the  most  irregular  areas 
met  with  in  any  specimen.  It  is  figured  in  plate  2,  figure  7.  The 
ninth  column  of  this  area  has  5  columns  on  the  left  and  3  on  the  right 
at  its  point  of  origin.  This  is  a  very  unusual  variation,  for  odd  columns 
are  almost  universally  median  in  position.  A  few  similar  cases  will  be 
noticed  in  other  tables.  The  sixth  column  in  the  same  area,  C,  termi- 
nates ventrally  in  a  tetragonal  plate,  which  is  a  very  rare  variation ;  only 
four  other  similar  cases  have  been  met  with  in  any  Palsaechinoid.  One 
heptagon,  that  next  pentagon  9,  is  out  of  place.  The  heptagon  which 
should  come  next  to  pentagon  8  lies  in  the  correct  horizontal  row,  but 
exists  as  a  member  of  column  5  instead  of  column  7.  This  curious  va- 
riation of  position  of  the  heptagon  has  been  observed  in  only  one  other 
case  in  MdoniUs  viuUiponis.  It  has  been  observed,  however,  in  MeUmiies 
gigarUeus  (see  the  table  of  that  species,  area  /,  column  11).  Interambu- 
Licrum  A^  it  is  interesting  to  note,  is  almost  entirely  normal  throughout, 
only  one  even-numbered  column  being  out  of  place.  The  columns  of 
plates  are  introduced  at  the  same  row  in  each  area.  Comparing  the  two 
areas  of  this  specimen,  it  is  seen  that  the  irr^ularity  of  one  area  is  not 
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repeated  in  the  other  area,  and  this  remark  applies  to  studies  of  varia- 
tions in  the  interambulacrum  generally.  In  the  development  of  the 
several  areas  of  any  given  specimen  of  MeUmiUa  we  find  that  the  several 
columns  are  added  at  the  same  or  nearly  the  same  horizontal  plane  (as 
indicated  by  the  numbers  in  the  fourth  column  of  the  tables),  but  irregu- 
larities, such  as  seen  in  the  position  of  heptagons  or  point  of  origin  of 
columns,  are  not  repeated  in  succeeding  areas  unless  by  chance,  for  on 
the  principle  of  chances  similar  variations  in  two  or  more  areas  would 
occasionally  occur  * 

The  specimen  of  Mdonites  muUiporus  number  3023  (page  168)  in  area 
A  has  the  same  irregular  position  of  the  ninth  column  as  specimen  3021, 
having  5  columns  on  the  left  and  3  on  the  right  at  its  origin ;  also  column 
8  and  two  heptagons  are  out  of  place,  otherwise  the  specimen  is  normal, 
conforming  to  the  ideal  arrangement  throughout  both  areas. 

The  next  tabulation  is  of  a  specimen  of  Mdonites  multiporua  given  to 
Yale  University  Museum  (page  168)  as  a  slight  return  for  many  favors 
received.  In  the  two  interambulacral  areas  shown  there  are  9  columns 
of  plates.  All  initial  plates  of  columns  are  pentagons.  The  arrangement 
of  details  is  entirely  normal  except  that  two  heptagons,  next  pentagons 
6  and  7,  are  on  the  wrong  side,  and  one  of  these  heptagons  is  too  far  to 
the  left,  as  noted.  Two  ambulacra  show  4  columns  of  plates  at  the  ventral 
termination.  A  specimen,  number  3007  (page  168),  in  the  Museum  of 
Comparative  Zoology  shows  two  ambulacral  and  two  interambulacral 
areas.  Interambulacrum  C  has  two  even-numbered  columns,  one  row 
too  far  to  the  left  and  one  heptagon  out  of  place ;  otherwise  the  arrange^ 
ment  of  this  specimen  is  entirely  normal  in  its  details. 

The  next  specimen  tabulated  is  owned  by  Mr  T.  A.  Jaggar  (page  169). 
Interambulacrum  A  has  all  the  even-numbered  columns  lefl-handed  or 
with  one  more  column  on  the  right  than  on  the  left  at  the  point  of  origin; 
also  and  perhaps  as  a  correlated  feature  all  the  heptagons  adjacent  to 
pentagons  are  on  the  wrong  side  in  the  several  cases.  Such  uniform 
variation  from  the  normal  has  not  been  seen  in  any  other  specimen  of 
an  interambulacral  area.  The  next  interambulacrum,  C,  of  the  same 
specimen  is  perfectly  normal  throughout,  except  that  two  heptagons 
occupy  an  incorrect  position.  Ambulacrum  B  has  four  columns  of  plates 
at  the  base,  as  usual. 

Specimen  number  3017  (page  169)  has  9  columns  of  plates  in  areas  A 
and  /  and  8  columns  in  the  other  3  areas.  The  arrangement  is  normal  as 
far  as  visible,  except  that  one  heptagon  is  out  of  place  and  column  9  in 

*  For  this  matter  of  Tariatfon  it  is  desirable  to  study  the  fl|(ures  and  tables  of  Melonitea  with  the 
idea  of  radial  variation  especially  in  mind.  The  figures  of  Pakeeehinu*  (plate  7,  fifcure  36)  andiir^ 
chcBoeidarit  (plate  8,  figures  43-46)  may  also  profitably  be  considered  under  this  study  of  radial 
Tariation. 
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area  /  terminates  in  a  ventral  plate,  which  is  tetragonal  or  rhombic  in 
form.  This  plate,  which  is  shown  in  plate  2,  figure  6,  is  quite  near  the 
dorsal  termination  of  the  area. 

Specimen  number  301^  (page  169)  shows  only  one  area,  which  has  9 
columns  of  plates.  The  ninth  originates  quite  close  to  the  dorsal  termi- 
nation of  the  area,  as  in  the  above  case,  and  its  terminal  plate  is  rhombic 
in  form.  The  arrangement  of  the  areas  is  entirely  normal,  excepting  the 
tetragonal  plate  and  one  heptagon,  which  is  out  of  place. 

Specimen  number  3020  (page  169)  is  normal  throughout,  except  that 
one  column,  the  eighth,  originated  one  column  too  far  to  the  left;  also 
one  heptagonal  plate  is  out  of  place. 

Specimen  number  3022  is  entirely  ideal  in  its  arrangement  through- 
out, unusually  normal  in  fact,  for  some  variation  is  commonly  met  with. 

Specimen  number  2992  (page  170)  is  peculiar  in  having  one  odd-num- 
bered column,  the  seventh  in  area  C,  one  column  too  far  to  the  right ;  also 
two  even  columns  in  area  A  are  too  far  to  the  left,  and  three  heptagons  are 
out  of  place.  One  area,  C,  hcus  but  7  columns  of  plates,  whereas  the  other 
has  8,  both  areas  being  complete  dorsally. 

Specimen  2999  (page  170)  has  9  columns  of  plates  and  is  normal 
throughout  in  its  plate  arrangement* 

Specimen  3004  (page  170)  has  two  columns  and  one  heptagon  out  of 
place.  The  irregular  position  of  column  7  is  noteworthy,  because  it  is 
unusual  for  odd  columns  to  be  otherwise  than  median  in  position. 

Specimen  number  3006  (page  170)  is  entirely  normal  throughout. 

Having  stated  the  law  of  growth  in  the  interambulacrum  of  Mdonites 
multiporus,  and  having  figured  and  tabulated  the  arrangement  in  many 
specimens,  it  is  desirable  to  foot  up  the  results  of  the  observations  and 
see  how  closely  actual  observations  come  to  the  assumed  law  of  intro- 
duction and  arrangement  of  plates.  In  this  summary  are  included  all 
the  figures  given  of  Melonitea  muUiporus  in  the  accompanying  plates ;  also 
the  tabulations  of  the  same  species.  In  a  few  cases  the  same  area  is  in- 
cluded in  a  figure  and  also  in  a  table,  when  of  course  but  one  count  is 
made.  For  most  of  the  details  considered  we  have  also  included  the 
results  obtained  from  the  tabulation  of  Melonites  giganteus,  Jackson,  as 
described  in  the  succeeding  paper.  From  the  context  it  will  be  made 
plain  when  both  species  or  only  one  species  are  included. 

In  considering  this  summary  constant  comparisons  with  the  figures 
of  Melonites  should  be  made,  especially  the  ideal  diagram  on  page  164. 
Comparison  is  also  requested  with  the  plate  arrangement  illustrated  in 
the  succeeding  paper  in  the  genera  Oligoporus,  Paloeechinits,  Archseocidaria, 
Lepidacidaria  and  Lepidechinus,  where  the  same  method  of  growth  pre- 
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vails  in  its  principles,  but  varies  somewhat  from  generic  dififerences  of 
structare. 

Summing  up,  we  find  that  in  Mdonilea  mvltiporus  35  interambulacral 
areas  are  figured  or  tabtftated  which  are  nearly  or  quite  entire  dorsally. 
Of  these  2  have  7  columns  of  plates,  18  have  8  columns,  and  13  have 

9  columns.  Therefore  it  may  be  stated  that  7  columns  is  an  unusually 
small  number  of  columns  for  this  species,  it  usually  possessing  either  8  or 
9,  with  about  even  chances  for  either  number,  but  slightly  preponderat- 
ing in  favor  of  8.  Nine  columns  of  plates  have  never  been  described  as 
existent  in  this  species,  which  is  somewhat  strange,  as  this  number  is 
evidently  so  frequent. 

The  introduction  of  new  columns  (succeeding  columns  numbers  1  and 
2)  is  shown  in  248  cases  in  MdonUes  mxiUiporua  and  giganteu8.  Of  these 
the  initial  plates  of  the  columns  are  pentagonal  in  220  instances,  in  e?ery 
case  of  which  an  apex  of  the  pentagon  is  directed  ventrally  and  a  side  of 
the  pentagon  is  directed  dorsally.  Twenty-two  of  the  terminal  plates  are 
initial  hexagons  of  column  number  3,  which  is  the  normal  form  in  this 
instance.  Only  in  6  cases  out  of  the  whole  number  248  are  the  initial 
plates  of  columns  other  than  the  regulation  form ;  that  is,  the  form  of 
the  initial  plates  of  columns  is  correct  by  rule  in  97+  per  cent  of  the 
cases. 

In  the  matter  of  the  position  of  introduction  of  columns  of  MdoniUs 
multlponta  as  expressed  by  the  number  of  rows  from  the  base  in  which 
the  column  originated,  there  is  for  the  most  part  great  uniformity.  Col- 
umns 1  and  2  always  are  represented  by  the  two  plates  found  at  the 
ventral  termination,*  as  observed  in  21  cases  (page  143).t  The  third 
column  originated  in  the  second  row,  as  shown  in  26  cases.  The  fourth 
column  originated  in  the  third  row,  as  observed  in  27  cases ;  in  one  speci- 
men (plate  3,  figure  16)  this  column  originated  in  the  fourth  row  and  in 
one  (plate  3,  figure  12)  it  originated  considerably  later;  but  these  are  the 
only  exceptions  that  have  been  seen.  The  fifth  column  originates  in  the 
fifth  row  in  3  cases,  in  the  sixth  row  in  17  cases,  in  the  seventh  row  in  8 
cases,  and  in  the  eighth  row  in  7  cases ;  therefore  the  fifth  column  in  the 
great  majority  of  cases  originates  in  the  sixth  row.    The  sixth  column  in 

10  cases  originates  in  the  ninth  row,  in  18  cases  in  the  tenth  row,  and  in 

•Thai  is,  the  yentral  termiDation  as  normally  existing  in  an  adult.  In  this  summing  up  of  areas 
the  Initial  first  formed  plate  1'  (plate  3,  figure  10)  is  not  considered.  It  is  a  feature  properly  be- 
longing to  an  earlier  period  of  growth  and  is  resorbed  by  the  encroachment  of  the  peristome.  W« 
are  now  considering  the  adult,  and  therefore  consider  the  Tentral  border  as  it  exists  in  that  period 
of  growth. 

fExcepting  this  statement  in  regard  to  the  first  two  columns,  all  the  observations  cited  are  those 
figured  in  plates  or  shown  in  detail  in  the  tables.  Of  course  many  other  obserTations  were  made, 
but  we  limit  the  remarks  to  the  published  observations. 
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7  cases  in  the  eleventh  row ;  the  sixth  column,  therefore,  in  the  majority 
of  cases  originates  in  the  tenth  row.  The  seventh  column  in  4  cases  origi- 
nates in  the  twelfth  row,  in  15  cases  in  the  thirteenth  row,  in  11  cases  in 
the  fourteenth  row,  in  3  cases  in  the  fifteenth  row,  and  in  one  case  in  the 
seventeenth  row ;  the  seventh  column,  therefore,  originates  in  the  great 
majority  of  cases  in  either  the  thirteenth  or  fourteenth  row,  but  occa- 
sionally lower  or  higher.  The  eighth  column  originates  in  the  sixteenth 
row  in  5  cases,  in  the  seventeenth  row  in  7  cases,  in  the  eighteenth  row 
in  5  cases,  in  the  nineteenth  row  in  5  cases,  in  the  twentieth  row  in  3 
cases,  and  in  the  twenty-second  row  in  one  case ;  there  is  considerable 
variation,  therefore,  in  the  period  of  introduction  of  the  eighth  column 
without  special  preponderance  in  favor  of  any  one  row ;  the  sixteenth  to 
the  nineteenth  row  may  be  taken  as  the  average  swing  in  rate  of  appear- 
ance of  this  column.  The  ninth  column  has  a  similar  wide  swing  in  its 
period  of  introduction ;  it  originates  in  the  twentieth  row  in  3  cases,  in 
the  twenty-first  row  in  three  cases,  in  the  twenty-second  row  in  2  cases » 
in  the  twenty-third  row  in  3  cases,  and  in  the  twenty-fifth  row  in  one 
case ;  this  ninth  and  last  column  added,  therefore,  makes  its  appearance 
in  a  majority  of  cases  in  the  twentieth  to  the  twenty-third  row. 

The  interesting  result  of  this  tabulation  of  periods  of  appearance  of 
columns  is  to  show  with  what  regularity  the  several  columns  were  intro- 
duced in  the  development  of  the  animal,  all  appearing  within  the  close 
limits  of  a  perfectly  definite  period  in  growth.  As  might  be  expected, 
the  columns  added  first,  from  1  to  4,  inclusive,  are  the  most  constant  in 
their  rate  of  appearance,  later  added  columns  being  more  variable,  yet  a 
pretty  close  adherence  to  the  abstract  law  of  specific  periodicity  is  main- 
tained in  all  the  columns  as  added.  Comparing  this  rate  of  introduction 
of  columns  with  that  of  Melonites  giganteus,  we  find  most  suggestive  and 
interesting  conclusions,  as  discussed  under  the  consideration  of  that  spe- 
cies in  the  succeeding  paper. 

Turning  to  the  results  obtained  in  other  columns  of  the  tables,  we  would 
again  include  Melonites  muUiporus  and  Melonites  giganteus  in  one  considera- 
tion of  the  details.  Out  of  a  total  of  138  odd-numbered  columns  intro- 
duced, all  but  6,  or  95+  per  cent,  originate  in  the  middle,  with  an  equal 
number  of  columns  on  either  side.  In  these  6  exceptions  the  column 
had  one  more  column  on  the  left  than  on  the  right,  or  was  right-handed- 
In  the  cases  of  113  even-numbered  columns  82  originated  with  one  more 
column  on  the  left  than  on  the  right,  and  31  originated  with  one  more 
column  on  the  right  than  on  the  left ;  that  is,  72+  per  cent  were  in  the 
theoretically  correct  position,  or  left-handed.  In  no  case  of  column  ar- 
rangement in  either  odd-  or  even-numbered  columns  was  the  newly  intro- 
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duced  column  more  than  one  column  out  of 
place  to  the  left  or  right.  The  same  remark 
applies  to  all  the  studies  of  Paleeechinoids  as 
presented  in  the  succeeding  paper,  excepting  the 
case  of  Melonitea  septenarius  (plate  9,  figure  49), 
as  there  described. 

The  heptagonal  plate  adjoining  the  terminal 
pentagon  should  by  rule  lie  to  the  right  of  the 
pentagon  terminating  odd-numbered  columns, 
and  to  the  left  of  the  pents^on  terminating 
even-numbered  columns.  The  position  of  the 
heptagonal  plate  is  shown  in  171  cases,  and  of 
those  it  occupies  the  correct  position  in  122  in- 
stances and  the  incorrect  position  in  49  in- 
stances. In  other  words,  it  occupies  the  correct 
position  in  71  per  cent  of  the  cases. 

From  this  close  adherence  to  the  theoretical 
method  of  growth  we  are  justified  in  giving  the 
annexed  diagram  as  representing  the  correct 
method  of  plate  arrangement  in  Mdonitea  and 
the  average  number  and  relations  of  plates  ex- 
istent in  Melonites  muUiporus  in  the  adult  con- 
dition. In  the  figure  all  the  plates  are  put  in 
according  to  rule  as  deduced  from  the  compila- 
tion of  numerous  critical  observations.  The  sup- 
posed initial  plate  V  is  included  in  the  figure  so 
as  to  indicate  all  the  plates  it  had  at  any  period 
of  growth,  but  it  should  be  distinctly  under- 
stood that  this  plate  is  typically  resorbed  in  the 
adult  condition.  Nine  columns  of  plates  might 
have  been  introduced  in  this  figure,  but  it  is 
intended  to  represent  the  ideal,  and  8  columns 
are  somewhat  more  frequent  in  perfect  speci- 
mens than  9.  The  lines  X,  F,  Z  are  drawn  so  as 
to  bisect  8  columns  of  plates.  They  therefore 
indicate  by  their  progressively  narrowing  angle, 
the  stringing-out  arrangement  of  plates  in  the 
FIGURE  i.-/deai  Arrangement  jorsal  area  as  described  on  page  150.    (Com- 
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Studies  of  the  Melonitidje. 
introduction. 

In  the  following  studies  of  the  several  families  of  the  Palseechinoideait 
is  the  intention  to  take  up  for  consideration  the  several  genera  and  species 
in  their  natural  systematic  order  of  sequence  as  expressed  in  the  proposed 
new  classification  (see  table  facing  page  242).  This  intention  is  carried 
out,  as  far  as  present  knowledge  admits,  in  families  succeeding  the  Meloni- 
tidse.  In  the  present  family  of  the  Melonitidee,  however,  the  rule  is  de 
parted  from,  because  the  genera  and  species  of  which  fullest  knowledge  is 
attained  are  the  more  specialized,  and  the  more  primitive  genera  are  least 
known  as  far  as  available  material  goes.  In  this  family,  therefore,  the 
genera  and  species  are  taken  up  in  the  order  of  convenience  for  handling 
the  several  cases  rather  than  in  the  proper  systematic  order.  The  natural 
systematic  sequence  of  the  genera  would  be,  Rhoechiniis,  Palxechinvs,  OH- 
goporm  and  Mehniies,  as  shown  in  the  table  facing  page  242.  For  sources 
of  material,  obligations  due,  and  similar  statements,  the  reader  is  referred 
to  the  introductory,  page  135,  of  the  preceding  paper :  "  Studies  ofMelmiU^ 
mulliporus.^^  References  to  this  earlier  paper  are  frequently  made  by  pa^e 
number,  without  further  quotation,  in  the  present  paper. 

DESCRIPTION  OF  MEL0NITB8  OIOANTEUS,  8P.  NOV. 
Plate  4,  figure  19 ;  plate  5,  figures  21-24.    Table,  page  x8o. 

This  new  species.  Melonitea  giganteua,  is  described  from  a  single  indi- 
vidual, which  is  a  truly  superb,  finely  preserved  specimen,  from  the 
Lower  Subcarboniferous  of  Bowling:  Green,  Kentucky.  It  is  in  the  col- 
lections of  the  Museum  of  Comparative  Zoology,  catalogue  number  2989, 
The  specimen  is  entirely  silicified.  The  melon-like  form  is  preserved 
with  hardly  any  distortion  on  the  oral  side  (plate  4,  figure  19),  and  on  the 
other  side,  though  somewhat  crushed,  shows  much  structurjil  detail.  The 
oral  and  aboral  terminations  of  the  ambulacra  and  interambulacra  are 
almost  perfect  in  some  areas,  but  orally  they  are  wanting  in  the  first  row 
of  plates  (plate  4,  figure  19) ;  corona  very  large,  exceeding  by  far  any  pre- 
viousl}'  described  species  of  the  Palieechinoidea ;  height  at  the  point  of 
greatest  dimension,  11.5  centimeters ;  height  from  oral  to  anal  area  through 
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the  exact  center,  10  centimeters ;  greatest  horizontal  diameter  through  the 
middle  of  corona,  15.5  9entimeters.  These  measurements  are  somewhat 
affected  by  a  slight  dorso-ventral  compression,  which  while  reducing  the 
height  exaggerates  the  horizontal  diameter. 

The  interambulacra  at  the  widest  part  measure  4.1  centimeters ;  at  the 
narrowest  part,  at  the  oral  area,  where  three  plates  only  exist,  8  milli- 
meters. Following  the  curve  of  the  area  in  its  center,  the  interambulacra 
measure  18.7  centimeters  in  length.  At  the  oral  end,  as  far  as  preserved, 
there  are  three  plates  in  the  first  row  of  four  of  the  interambulacra. 
Passing  progressively  from  this  point  dorsally,  new  columns  are  intro- 
duced  until  we  find  the  greatest  number  attained,  11,  at  a  point  about 
two-thirds  of  the  distance  to  the  apical  pole  (plate  5,  figure  21).  The  am- 
bulacra at  the  ambitus  are  narrower  than  the  interambulacra,  measuring 
3.8  centimeters  at  the  widest  part,  at  which  area  there  are  12  columns  of 
quite  irregular  plates.  At  the  ventral  termination  the  ambulacra  are  1.4 
centimeters  in  width,  thus  surpassing  at  this  point  the  width  of  the  in- 
terambulacra. Ventrally  there  are  but  four  columns  of  ambulacral  plates 
(plate  4,  figure  19;  plate  5,  figure  22),  as  in  Melonitea  multiporus.  The 
plates  of  the  test  are  very  thick  (plate  4,  figure  19),  those  at  the  median 
zone  measuring  8.5  millimeters  in  thickness.  The  sides  of  the  plates  are 
slightly  inclined  to  allow  for  mutual  contact  in  a  curved  test,  but  are  as 
nearly  perpendicular  as  the  case  admits.  The  plates  of  the  adambulacral 
columns  are  extended  under  the  adjacent  ambulacral  plates,  as  in  Melo- 
nites  midtiporua  (plate  2,  figure  5) ;  otherwise  the  plates  of  MeUmiies 
giganteiis  show  no  tendency  to  imbrication,  and  with  their  thickness 
emphasize  a  very  considerable  rigidity  of  the  test. 

The  interambulacral  areas  are  very  much  elevated  (plate  4,  figure  19) 
and  present  a  comparatively  sharp  angle  where  the  sides  dip  down  to 
meet  the  ambulacra.  The  ambulacra  are  sharply  elevated  in  the  median 
portion,  depressed  on  the  lateral  borders.  The  elevations  of  these  areas 
extend  beyond  those  of  the  interambulacra  in  a  peripheral  line  and  give 
the  Echinus  a  melon-like  form  in  a  very  accentuated  degree. 

The  two  adambulacral  columns  of  interambulacral  plates  are  pentag- 
onal, as  in  other  species  of  the  genus,  and  are  crenulated  on  their  outer 
borders  (plate  5,  figures  21  and  22)  by  impact  with  adjacent  ambulacral 
plates,  3  of  which  commonly  abut  against  each  interambulacral  plate. 
The  plates  of  the  median  interambulacral  columns  are  hexagonal,  except- 
ing the  terminal  plates  of  columns  as  added,  which  are  pentagonal,  and 
adjacent  heptagonal plates  \  also  excepting  the  newly  added  dorsal  rhom- 
bic plates  and  such  others  as  are  described  in  the  detailed  consideration 
of  this  area. 

In  the  ambulacral  areas  the  plates  are,  for  the  most  part,  ambiguous, 
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as  is  the  common  condition  in  specimens  of  Mdonites,  From  the  small 
size  and  irregular  outline  of  the  plates,  their  contours  are  largely  de- 
stroyed by  the  process  of  silicification.  Starting  with  4  plates  at  the 
ventral  end  (plate  5,  figure  22),  new  plates  and  new  columns  are  pro- 
gressively added,  as  in  MeUmites  muUiporua*  (plate  2,  figure  4),  until  in 
the  middle  of  the  corona  12  columns  were  observed.  At  this  r^on  no 
area  was  sufficiently  clear  to  be  figured,  so  that  in  representing  the  am- 
bulacrum (plate  5,  figure  24)  I  was  obliged  to  select  an  area  considerably 
below  the  median  zone  which  had  not  acquired  the  full  complement  of 
6  columns  characteristic  of  each  half-ambulacrum  in  later  stages.  The 
portion  selected  for  the  detailed  figure  of  the  ambulacrum  is  indicated  in 
plate  4,  figure  19,  by  the  letter  X  in  area  B.  At  the  area  marked  by  T, 
just  above  this  point,  by  close  inspection  the  outline  of  6  plates  may  be 
made  out  in  this  half-ambulacrum. 

It  is  possible  that  a  specimen  more  perfect  in  ambulacral  detail  might 
show  still  more  columns  added  in  a  higher  zone.  The  plates  of  the  two 
median  columns  of  the  ambulacra  a'  6'  are  very  large  (plate  4,  figure 
19,  and  plate  5,  figure  24),  and  the  pores  in  these,  as  in  other  plates  of 
the  area,  exist  in  the  part  of  the  plate  lying  nearest  the  interambulacra, 
as  in  Mehniies  muUiporus,  All  the  plates  observed  possess  two  pores. 
The  plates  of  the  ambulacra  and  interambulacra  are  thickly  studded 
with  tubercles  that  formed  the  base  of  attachment  of  spines  (plate  5 
figure  23;  also  seen  in  plate  4,  figure  19).  There  are  about  25  such 
tubercles  on  the  larger  interambulacral  plates,  but  no  spines  are  pre- 
served. There  are  obscure  traces  of  genital  and  ocular  plates,  but  no 
details  of  form  or  structure  were  made  out. 

The  interambulacrum  of  Mdonitea  giganteus  is  interesting  as  a  study  on 
account  of  the  great  number  of  plates  and  columns  existent  and  for  a 
comparison  of  the  arrangement  of  the  same  with  other  Pateechinoids. 
The  most  perfect  area  in  the  specimen,  which  by  the  adopted  notation  is 
designated  as  A,  is  illustrated  by  Mr  Emerton's  very  skillful  drawing  in 
plate  5,  figures  21  and  22.  It  is  also  well  shown  up  to  and  including  the 
introduction  of  the  ninth  column  in  plate  4,  figure  19.  The  arrangement 
of  this  same  area  is  also  represented,  together  with  the  arrangement  of 
the  other  4  interambulacral  areas,  as  far  as  they  can  be  ascertained,  in  the 
table  (page  180).  This  table  is  a  graphic  proof  of  the  perfection  of  the 
specimen,  as  in  it  we  are  able  to  tabulate  the  essential  details  of  no  less 
than  42  columns  of  plates  throughout  their  entire  length.  In  many  por- 
tions, where  the  surface  was  eroded,  the  form  of  the  plates  could  yet  be 
ascertained  by  the  middle,  or  lower  proximal  portion  of  the  plates,  which 

*0a  account  of  Imperfections  from  siliciflcation  the  transition  is  not  shown  so  clearly  as  in  the 
flKure  cited,  bat  enough  is  visible  to  prove  the  similar  method  of  introduction. 
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were  still  existent.    In  the  area  figured  all  the  plates  were  preserved 
entire,  excepting  where  vacancies  are  shown. 

At  the  ventral  termination  of  the  area,  plate  5,  figure  21,  there  is  a  row 
of  3  plates.  This  area  is  also  shown  as  area  A  in  plate  4,  figure  19.  The 
median  plate  3  is  hexagonal  and  is  the  initial  plate  of  column  3,  the 
first  formed  column  of  median  hexagons.  Column  3  obviously  originates 
with  one  adambulacral  column  on  either  side,  the  universal  position  of 
this  column.  Studying  this  first  row,  it  is  seen  that  on  the  ventral  border 
the  median  plate  presents  an  angle ;  the  two  lateral  plates  a  comparatively 
straight  edge  (plate  5,  figure  22).  This  form  of  outline  corresponds  with 
that  seen  in  Melonites  miUtiporiM  at  the  ventral  border  of  area  E  (plate  2, 
figure  2).  It  consequently  corresponds  with  the  ventral  termination  of 
the  second  row  of  that  species,  as  shown  in  area  A  (plate  2,  figure  2) ; 
ali^o  the  similar  area  of  Oligoporus  coreyi  (plate  6,  figure  25).  From  this 
evidence  it  is  unquestionable  that  the  first  row  of  plates,  in  the  specimen 
oi  Melonites  gigarUeas,  is  absent  from  separation  of  the  same  after  the  death 
of  the  individual.  The  same  feature  is  seen  at  the  base  of  4  areas,  A^  C, 
G  and  /,  as  shown  in  plate  4,  figure  19 ;  but  area  E  is  less  perfect  ven- 
trally  (see  table,  page  180). 

This  first  row  of  interambulacral  plates  could  not  be  absent  from  re- 
sorption during  life  by  enlargement  of  the  peristome  in  Melonites  giganteus^ 
as  discussed  in  Archxocidaris^  on  page  215,  because  in  that  case  the  ventral 
border  would  probably  present  a  straight  line,  as  in  Melonites  multiporus 
(plate  2,  figure  3).  The  two  lateral  plates,  numbers  1  and  2,  at  the  ven- 
tral border  are  therefore  the  second  plates  in  their  columns  and  form  the 
base  of  the  two  columns  of  adambulacral  plates.  In  the  reconstruction 
of  the  base  (plate  5,  figure  22)  the  ventral  plates  of  the  two  lateral  columns 
are  shown  at  1  and  2,  as  indicated  by  dotted  lines,  succeeded  by  plate  3 
and  its  adjacent  plates,  which  are  the  first  plates  shown  in  the  specimen 
(plate  5,  figure  21).  The  angulated  ventral  face  of  this  first  row  would  in 
itself  indicate  the  absence  of  at  least  one  row,  but  taken  in  conjunction 
with  the  studies  of  the  same  areas  in  Melonites  multiporus  and  Oligoporus 
corejfi  the  evidence  is  incontrovertible. 

The  fourth  column  is  introduced  in  the  next  row  above  the  third  by 
the  terminal  pentagon  4  (plate  5,  figure  21).  At  its  origin  it  has  one 
column  on  the  left  and  two  on  the  right,  being  thus  one  column  too  far 
to  the  left  by  our  law  of  alternation.  In  areas  C,  E^  G  and  /  (plate  4, 
figure  19),  however,  it  occupies  its  normal  position,  with  two  columns  on 
the  left  and  one  on  the  right.  A  similar  variation  is  shown  in  Melonites 
vfiuUiporus  (area  /,  plate  2,  figure  2).  In  4  of  the  5  areas  in  which  this 
plate  is  shown  in  Melonites  giganteiis,  it  occupies  the  normal  position,  as 
shown  in  the  table,  page  180.     It  is  to  be  noted  that  this  column  4  is  the 
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only  one  in  plate  5,  figure  21,  which  does  not  accord  with  the  law  of  alter- 
nation in  the  introduction  of  successively  added  columns.  Plate  4  trun- 
cates the  dorsal  border  of  initial  plate  3  of  column  3,  inducing  a  hexagonal 
form  in  this  plate,  as  shown  also  in  Mdonites  muUipanis  (plate  2,  figures 
2  and  3)  and  Ollgoporiia  (plate  6,  figure  25).  The  same  condition  of  affaire 
existed  in  3  other  areas  (table,  page  180). 

Column  5  is  introduced  in  the  second  row  after  4  by  the  terminal  pen- 
tagon 5.  At  its  point  of  origin  this  column  has  two  columns  on  either 
side,  the  normal  position.  It  has  a  heptagonal  plate  on  its  left  ventral 
border.  Melonitea  giganteiis  is  later  discussed  as  an  extreme  member  of  the 
genus  on  account  of  its  great  number  of  columns  of  plates,  and  in  this  early 
introduction  of  the  fifth  column  there  is  an  interesting  bit  of  correlative 
evidence.  Extreme  types  are  quite  commonly  highly  accelerated  in  their 
development,  early  acquiring  features  usually  appearing  at  a  later  stage 
in  less  specialized,  more  primitive  allies.  Cases  of  such  acceleration  are 
seen  in  Naiitilus,  Bacidiies,  Spondylm  and  Dlsdnisca,^  Here  in.  Mdonites 
giganteus  we  have  the  fifth  column  originating  earlier  than  the  same 
column  in  the  more  primitive  t  types,  Mdonites  mtdtiparus  (plate  2,  figure 
2)  and  Oligoporua  coreyi  (plate  6,  figure  25). 

The  sixth  column  is  introduced  by  the  terminal  pentagon  6  (plate  5, 
figure  21).  At  its  point  of  origin  it  has  3  columns  on  the  left  and  2  on 
the  right,  its  usual  position.  A  heptagonal  plate,  H,  lies  on  the  left 
ventral  border  of  pentagon  6.  In  two  other  interambulacral  areas,  E 
and  G,  column  6  originates  as  in  this  area  A  ;  but  in  two  areas,  Cand  /, 
the  column  originates  one  column  farther  to  the  left  with  a  heptagon  on 
the  right  (plate  4,  figure  19,  and  table,  page  180).  The  seventh  column 
begins  with  pentaojon  number  7,  having  a  heptagonal  plate  on  its  right 
ventral  border.  This  column  at  its  point  of  origin  has  3  columns  on 
either  side.  Comparing  this  with  the  same  plates  in  the  other  areas  we 
find  (plate  4,  figure  19,  and  table,  page  180)  the  same  arrangement  in 
areas  G  and  /.  In  C  the  arrangement  is  the  same  except  that  the  heptagon 
is  on  the  left  side  of  the  pentagon.  In  area  E  the  column  originates  one 
column  too  far  to  the  right,  so  that  there  are  4  columns  on  its  left  and  two 
on  its  right,  the  heptagon  lying  on  the  left  of  the  pentagon.  This  infegular 
position  of  odd-numbered  columns  is  of  very  rare  occurrence,  having  been 
observed  in  very  few  specimens  in  my  researches  on  this  family;t  namelvr 
in  Mdonites  miMporus  (numbers  3023,  3021,  3016,  3004  and  2992  in  the 
tables,  on  pages  165-170)  and  a  specimen  of  the  same  species  observeil 
at  Princeton  (see  page  153).    It  is  somewhat  remarkable  in  these  7  cases 

*A8  shown  by  Hyatt,  Brown,  Jaokson  and  Beecher. 

t  More  primitivA  according  to  the  riews  expressed  in  this  paper  (see  page  199). 
X  An  irregular  position  of  column  5  is  figured  in  Ltpidesthw  eoreyi  by  Meek  and  Woriben.    (8«» 
remarks  on  that  species,  page  209.) 


DESCRIPTION   OP   MRLONJTBS  OIQANTBV8.  177 

that  the  irregularity  should  have  occurred  in  the  seventh  or  ninth  cohimn. 
A  still  further  irregularity  of  the  seventh  column  is  described  under  Mdo- 
nites  aeptenariiLS  (plate  9,  figure  49). 

The  eighth  column  originates  in  pentagon  8,  with  a  heptagon  on  its 
left  and  with  4  columns  on  the  left  and  3  on  the  right,  thus  being  in  its 
correct  theoretical  position.    Comparing  with  plate  4.  figure  19,  and  the 
table  on  page  180,  we  find  that  areas  E  and  Q  are  as  described,  except  that 
£has  the  heptagon  on  the  right  instead  of  on  the  left.    Areas  Cand  /  have 
column  8  one  place  too  far  to  the  left,  having  3  columns  on  the  left  and  4 
on  the  right,  and  the  heptagon  of  C  is  on  the  right.    The  ninth  column 
begins  in  pentagon  9  (plate  5,  figure  21)  with  4  columns  on  either  side, 
as  in  MdonUea  muUiporus  (plate  5,  figure  20)  and  Oligoporua  (plate  6,  figure 
34).    The  plates  below  pentagon  9  in  Melonites  giganieus  present  a  pecu- 
liar arrangement  unlike  anything  seen  in  any  other  specimen  of  the  Paleee- 
chini.    Bordering  on  the  pentagon  ventrally  are  two  heptagons,  H  IT; 
below  IT  there  is  a  third  heptagon,  ir\  and  these  3  heptagons  with  the 
hexagon  ^,  enclose  a  rhombic  formed  plate.    A  similar  condition  of 
afiairs  exists  in  the  same  relation  to  pentagon  9,  in  areas  C,  E  and  /(plate 
4,  figure  19,  and  table,  page  180).    It  is  elsewhere  stated  that  the  plates 
of  the  median  columns  are  all  hexagonal  or  its  equivalent  as  a  dynamic 
consequence  of  the  conditions  of.  lateral  pressure.    This  is  an  excellent 
proof  of  the  principle,  for  the  extra  side  of  one  heptagon,  H,  compensates 
for  the  loss  of  one  side  in  pentagon  9 ;  the  two  other  heptagons,  ST  H'\ 
by  their  two  added  sides  compensate  for  the  absence  of  two  sides  in  the 
enclosed  four-sided  plate.    The  enclosed  rhombic  plate,  it  is  seen,  termi- 
nates ventrally  in  an  angle;  the  only  plates  normally  doing  this  are 
terminal  pentagons.^    This  plate,  therefore,  is  considered  as  really  the 
first  formed  plate  of  column  9  which  has  become  separated  from  its  next 
dorsal  successor,  which  is  pentagonal  plate  9.    Another  case  seen  of  a 
plate  being  separated  from  its  successor  dorsally  is  that  shown  in  the 
ninth  column  of  Oligoporxis  danse  (plate  6,  figure  31),  where  the  terminal 
pentagon  has  become  separated  from  the  next  plate  of  its  column.    The 
only  other  cases  seen  of  plates  of  a  column  being  separated  dorso-ventrally 
(except  near  the  dorsal  pole,  where  separation  normally  occurs,  plate  3, 
figure  13)  are  in  the  sixth  column  of  CHigoporus  missouriensia  (plate  9, 
figure  50)  and  the  seventh  column  in  area  /  of  Rhoechinua  gracilis  (plate  7, 

figure  36). 
Apparently  this  separation  of  the  rhombic  plate  of  Melonites  gigantetts 

(plate  5,  figure  21)  is  a  case  of  slightly  arrested  development  in  the  ninth 

column— that  is,  after  the  first  plate  was  formed,  the  rhombic  one,  no 

'Excepting,  of  course,  rhombic  plates  nenr  the  dorsal  area,  where  the  form  is  otherwise  ac- 
counted for. 
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new  plate  was  added  in  the  next  formed  row,  while  plates  were  added 
in  the  several  other  adjacent  columns ;  when  the  second  row  was  formed 
above  the  rhombic  plate  a  new  plate  was  again  added  in  column  9,  hot 
being  separated  from  its  ventral  predecessor  it  formed  a  pentagon.  This 
view  appears  correct  from  the  fact,  strongly  brought  out  in  these  studies, 
that  accessory  or  adventitious  plates  are  unknown  in  the  Melonitidae,  all 
the  plates  in  every  specimen  seen  being  distinctly  associated  with  others 
in  definite  columns.  One  area,  G,  does  not  show  the  peculiarity  of  the 
rhombic  first  formed  plate  as  discussed  and  which  is  existent  in  4  areas, 
-4,  C,  EsLVid  /(table,  page  180). 

Up  to  the  ninth  column  the  arrangement  of  plates  in  Mdonites  giganteiis 
can  be  compared  with  the  similar  arrangement  in  Oligoporud  danx  (plate 
6,  figures  31  and  34) ;  also  frequently  with  specimens  of  Melonitea  rndti' 
ponis  (plate  5,  figure  20).  Above  this  point,  however,  it  exceeds  the 
number  of  columns  of  interambulacral  plates  of  any  other  species  of 
the  Melonitidse.  The  tenth  column  originates  in  pentagon  number  10, 
with  a  heptagon  on  its  right  (plate  5,  figure  21).  Column  10  at  its  point 
of  origin  has  5  columns  on  the  left  and  4  on  the  right.  Ck)mparing  this 
with  the  table  Cpage  180),  it  is  seen  that  the  tenth  column  is  similar  in  posi- 
tion in  areas  Ey  O  and  /;  the  position  of  the  heptagon,  however,  varies, 
being  on  the  left  in  area  /.  The  tenth  column  is  broken  away  in  area 
C  The  eleventh  column  originates  in  pentagon  11,  with  a  heptagon,  J?, 
on  the  right.  This  column  at  its  point  of  origin  has  5  columns  on  either 
side.  It  is,  therefore,  as  well  as  column  10,  in  its  correct  theoretical  posi- 
tion, as  deduced  from  the  law  of  growth  of  interambulacral  areas.  Turn- 
ing to  the  table  on  page  180,  it  is  seen  that  the  eleventh  column  is  want- 
ing in  one  area,  C.  In  3  areas  A,  E  and  /,  it  occupies  t'he  same  position 
and  terminates  as  in  plate  6,  figure  21.  In  area  G  it  originates  one  col- 
umn too  far  to  the  right.  The  position  of  the  heptagonal  plate  in  all 
these  areas  is  on  the  right,*  its  usual  position  in  odd-numbered  columns. 
In  the  sixth  plate,  in  column  11  (plate  5,  figure  21),  a  peculiar  pentagonal 
plate,  Ny  occurs.  This  plate  is  noteworthy  on  account  of  its  pentagonal 
form,  for  it  is  not  a  terminal  plate  of  a  column. 

Progressing  doraally,  we  find  in  an  area  equal  to  about  one-sixth  the 
whole  length  of  the  interambulacrum  that  there  is  a  gradual  passage  from 
hexagons  to  plates  of  a  more  or  less  rhombic  form,  as  in  Mdonites  muUi- 
porus  (page  149).  These  young  plates  have  a  progressively  shorter  line 
on  the  upper  and  lower  sides  and  are  relatively  longer  dorso-ventrally 
than  the  older  hexagonal  plates.  This  change  may  be  seen  in  plate  5, 
figure  21.  There  is  not  so  much  drawing  out  and  separation  of  the  plates 
as  in  the  same  area  of  Melonites  multiponis  (plate  3,  figure  13,  and  plate  5, 

*  Excepting  area  O,  where,  owing  to  imperfections,  its  position  was  not  ascertained. 
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figure  20).  This  may  be  a  specific  or  simply  individual  difference,  or 
even  a  difierence  due  to  the  age  of  the  individual.  There  is  a  very  dis- 
tinct dropping  out  of  the  middle  and  last  added  column,  number  11. 
This  column  is  reduced  to  a  tiny  rhombic  plate  at  its  upper  limit,  and  is 
not  represented  at  all  in  the  last  rows  built  by  the  echinus  as  far  dorsally 
as  they  can  be  traced.  On  the  other  hand,  the  last  (eighth)  column  in 
Melanites  multiporua  extends  directly  to  the  genital  plate  (plate  3,  figure 
13).  It  is  an  axiom  of  old  age  characters  that  the  last  features  acquired 
are  soonest  lost,  and  it  seems  that  this  specimen  of  Melonitea  gigantem 
had  entered  on  its  decline,  which  is  shown  by  the  dropping  out  of  a 
column  that  at  a  little  earlier  period  in  growth  must  have  been  continu- 
ous to  the  genital  area.  During  later  growth,  had  such  taken  place,  this 
last  column  apparently  would  not  have  been  existent,  so  that  the  indi- 
vidual in  its  decline  has  virtually  resumed  the  condition  of  building  only 
10  columns  of  plates,  a  feature  which  was  initiated  at  a  relatively  early 
age,  as  shown  by  pentagon  10,  plate  5,  figure  21  (see  page  150).  There 
is  a  distinct  inequilaterality  of  the  interambulacrum  near  the  dorsal  area, 
as  shown  in  plate  5,  figure  21.  Columns  9  and  10  are  quite  alike  on  the 
two  sides  of  the  center,  but  columns  7  and  8  are,  on  the  contrary,  very 
unlike,  as  are  also  columns  5  and  6. 

In  each  of  the  5  interambulacral  areas  of  MehnUes  gigantem  the  several 
columns,  as  demonstrated  in  the  fourth  column  of  the  table  (page  180), 
made  their  appearance  at  exactly  or  nearly  the  same  horizon.  The  great- 
est exactitude  in  the  period  of  introduction  is  maintained  in  the  earliest 
added  columns,  especially  numbers  3, 4, 5, 6,  and  7,  while  in  the  columns 
appearing  last  there  is  more  variation,  as  might  be  reasonably  expected. 
Stating  the  case  briefly,  in  all  areas  the  third  column  originates  in  the 
second  row  and  the  fourth  column  in  the  third  row,  as  in  Mdonites  miUti- 
porus.  The  fifth  column  originates  in  the  fifth  or  sixth  row ;  the  sixth 
column  in  the  eighth  row ;  the  seventh  column  in  the  tenth  or  eleventh 
row ;  the  eighth  column  originates  in  the  twelfth  to  fourteenth  row ;  the 
ninth  column  originates  in  the  sixteenth  or  seventeenth  row ;  the  tenth 
column  originates  in  the  twentieth  to  twenty-third  row,  and  the  eleventh 
column  originates  in  the  twenty-fifth  to  the  twenty-ninth  row.  Compar- 
ing this  result  with  that  shown  in  Mdonites  miUtiporics,  where  it  has  been 
ascertained  in  a  large  number  of  specimens  (page  162),  we  find  that  after 
the  fourth  column  each  of  the  later  added  columns  originated  much 
earlier  in  Mdonites  giganteus  than  in  Mdonites  muUiporus,  This  species, 
therefore,  is  not  only  furthest  advanced  in  the  special  line  of  variation  of 
the  genus,  but  it  is  also  highly  accelerated  in  its  development,  very  early 
passing  through  those  stages  seen  in  later  growth  in  less  specialized  mem* 
hers  of  the  genus. 
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In  the  interambulacrum  A  (plate  5,  figure  21),  in  coIum]>  1,  from  the 
ventral  to  the  dorsal  end,  as  far  as  preserved,  29  plates  may  be  counted  ; 
in  column  2,. there  are  34  plates.  If  column  1  were  as  perfect  dorsally  as 
column  2  there  would  without  doubt  be  34  plates  also.  Column  3  has 
35  plates,  column  4  has  33  plates,  column  5  has  33  plates,  column  6  has 
30  plates,  column  7  has  28  plates,  column  8  has  25  plates,  column  9  has 
23  plates,  column  10  has  19  plates,  and  column  11  has  12  plates.  Add- 
injT  these,  there  are  seen  to  be  301  plates  existent  in  the  interatnbulacrum 
(plate  5,  figure  21),  or,  adding  the  9  plates  wanting  in  the  first  column, 
310  plates  in  all.  Supposing  the  other  4  areas  to  have  approximately 
the  same  number,  as  is  the  fact,  then  the  interambulacral  plates  of  this 
specimen  are  no  less  than  1,550  in  number,  to  which  may  be  added  the 
two  ventralmost  plates  wanting  in  each  area  and  a  few  dorsal  plates  not 
preserved  clearly  enough  to  be  made  out. 

It  is  believed  that  the  columns  of  ambulacral  and  interambulacral 
plates  as  introduced  represent  stages  in  growth,  as  discussed  in  the  sec- 
tion "General  Results  and  their  Bearing."  Assuming  this  to  be  correct, 
then  MdonHes  giganteiAS  when  young  had  4  columns  of  ambulacral  plates, 

*  But  not  in  next  column.    Compare  with  heptagon  H,  associated  with  pentagon  8,  of  plate  2, 
*fur«  7. 

t  Interambulacral  complete  at  dorsal  portion  of  area. 

t Terminates  with  accessory  heptagons  and  tetragonal  plate,  as  shown  at  thin  area  in  plate  ft, 
fi|ure  n,  and  plate  4,  figure  19.    There  is  no  similar  peculiarity  about  pentagon  9  in  area  G. 
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as  shown  by  the  ventral  area  of  the  same.  In  this  feature  it,  as  well  as 
Mdonites  muUiporua,  is  like  the  adult  of  Oligoporua  ;  later  these  columns  in- 
crease to  12.  This  is  a  higher  number  than  is  attained  by  any  other  species 
of  the  genus  except  Melonites  etheridgii,  W.  Keeping*  (see  systematic 
table  facing  page  242).  In  the  adult,  Melonites  gigarUeus  has  more  col- 
umns of  interambulacral  plates  than  Melonitea  Tmiltiponts  or  any  species 
of  the  genus.  It  may,  then,  in  this  salient  feature  be  considered  the  ex- 
treme species  of  the  genus,  being  furthest  removed  from  the  ancestral 
stock,  which  must  have  had  relatively  few  columns,  as  evidenced  by  the 
stages  in  growth  through  which  it  has  passed.  To  put  it  in  other  words, 
when  very  young  it  had  at  most  3  columns,  then  4,  like  AfeUmiles  dispar, 
(Fischer),  and  next  6  columns,  which  is  characteristic  of  adult  Melonites 
crassus^  Hambach  ;  when  older  still  it  had  7,  then  8,  like  adult  Melonites 
mnUiporua;  later  9  columns  like  extreme  cases  of  Melonites  midtiponis; 
finally  it  goes  ahead  of  anything  found  in  other  species,  and  has  10  and 
11  columns.f 

In  the  accompanying  table  are  shown  the  relations  and  form  of  the 
plates  in  the  several  interambulacral  areas  of  our  specimen  as  far  as  they 
could  be  ascertained.  In  studying  this  table  comparison  is  requested 
with  the  figures  of  this  species,  with  the  tables  of  Melonites  midtiporvs 
(pages  165-170 ;  see  also  page  161),  and  with  the  figures  of  other  species 
and  genera  of  Paleozoic  echinoids  illustrated  in  the  accompanying  plates ; 
also  it  should  be  considered  in  connection  with  the  systematic  table  of 
classification  of  Paleozoic  Echini,  facing  page  242. 

DBSCRIPTIOy  OF  MELONITES  SEPTENARIUSy  SP,  NOV.  (JB.  P.  WHITFIELD), 

m 

Plate  9,  figure  49> 

In  the  American  Museum  of  Natural  History  in  New  York,  there  is  a 
specimen  of  Melonites  from  the  Warsaw  group,  Subcarboniferous,  of  Buz- 
zard Roost,  Franklin  county,  Alabama,  lower  limestone.  No  specimens 
of  Melonites  have  been  previously  recorded  from  the  Subcarboniferous 
of  the  south  Atlantic  states.  This  species  differs  from  any  previously 
described,  and  for  it  Professor  R.  P.  Whitfield  suggests  the  name  Melo- 
nites septemiriitSy  the  name  indicating  the  number  of  columns  of  plates  in 
the  interambulacral  area.  The  specimen  (plate  9.  figure  49)  is  a  silicified 
cast  from  the  interior,  but  in  parts  shows  the  original  thickness  of  the 

*The  type  of  this  species  is  in  the  Museum  of  Practical  Oeolof^y,  Jerroya  street,  London. 

t  In  the  collections  of  the  Wagner  Free  Institute  at  Philadelphia  there  is  a  specimen,  catalogae 
number  5255,  which  is  ascribed  to  the  species  Mclonitu  giganteut.  It  is  from  the  Sub-carbonifer- 
ous of  Tennessee.  The  specimen,  which  is  fraitmentary,  corresponds  in  details  of  sise  and  pro- 
portions with  the  type.  In  the  ambulacrum  there  are  12  columns  of  plates,  but  in  the  interam- 
bulacrnm  there  are  but  0.  Ten  rows  of  pUtes  are  added,  after  the  introduction  of  the  ninth 
column,  without  the  introduction  of  a  tenth  column.  This  fact  is  a  striking  difference  from  the 
type,  as  described  above. 
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plates.  It  is  a  small  species,  being  one  of  the  smallest  known.  It  is  not 
perfect  ventrally ;  but  the  height  of  the  test  as  far  as  shown  is  4  centi- 
meters. 

The  ambalacral  plates  are  not  well  preserved,  but  can  be  made  out  in 
places.  In  the  ambulacrum  on  the  right  of  the  figure  there  are  4  col- 
umns of  plates  at  the  ambitus  in  a  half  area.  This  shows  that  the  species 
is  characterized  by  8  columns  of  ambulacral  plates — an  unusual  number 
in  the  genus.  Two  pores  exist  in  each  plate.  The  width  of  the  ambu- 
lacrum at  the  ambitus  is  1.3  centimeters,  narrowing  toward  the  dorsal 
area. 

The  interambulacrum  ventrally  has,  as  far  down  as  preserved,  6  col- 
umns of  plates.  A  seventh  column  is  introduced  by  the  pentagonal  plate 
7,  with  a  heptagonal  plate,  JET,  on  its  left.  This  seventh  column  at  its  point 
of  origin  is  remarkable  in  that  there  are  5  columns  on  the  left  of  it  and 
only  1  on  the  right.  Odd-numbered  columns  commonly  originate  in  a 
median  position,  with  an  equal  number  of  columns  on  either  sidg^  Rarely 
exceptions  are  found,  as  shown  in  the  tables  of  Melonitea  muUiporus  (pages 
166-170),  in  which,  in  several  cases,  an  odd-numbered  column  origi- 
nates to  the  right  of  the  center,  with  one  more  column  on  the  left  than 
on  the  right ;  but  no  case  has  been  observed  in  any  Palaeechinoid  other 
than  the  present  one  in  which  any  greater  degree  of  irregularity  existed. 
This  interambulacrum  is  also  peculiar  in  that  a  plate,  P,  normally  hex- 
agonal, is  pentagonal  in  outline,  and  an  adjacent  plate.  A,  is  heptagonal. 
No  other  case  of  irregularity  quite  like  this  has  been  seen  in  any  of  the 
Melonitidse.  Toward  the  dorsal  termination  of  the  area  the  interambu- 
lacral  plates  make  an  approach  to  the  rhombic  form  seen  in  other  species 
(plate  3,  figure  13 ;  plate  6,  figure  21 ).  The  width  of  the  interambulacrum 
at  the  ambitus  is  2.3  centimeters.  The  interambulacrum  is  quite  elevated 
in  sectional  outline,  but  presents  a  continuous  curve  rather  than  almost 
ao  angle  on  its  lateral  borders,  as  in  Mehnites  giganteiis  (plate  4,  figure  19). 

The  nearest  ally  of  Melonites  septenarius  is  Mdonites  indianensiSj  Miller 
and  Gurley  *  (34).  It  differs  from  that  species  in  the  proportionately 
much  narrower  ambulacra,  in  having  7  instead  of  6  columns  of  interam- 
bulacral  plates,  and  in  the  gently  curving,  rather  than  strongly  melon- 
like form  of  the  corona. 

The  number  of  columns  of  ambulacral  plates  is  an  important  feature  in 
classification,  and  the  question  comes  up  whether  species  having  eight 
columns,  as  Melonites  indianensis  and  septenaruis^  should  be  separated  ge- 
nerically.  We  think  not,  because  in  the  genus  Melonites  the  number  of 
columns  of  ambulacral  plates  is  quite  a  variable  feature,  as  shown  in  the 

•The  type  of  this  speoies  Is  in  the  priyate  collection  of  Mr  Wm.  P.  E.  Ourley,  of  Springfield, 
llUaoie. 
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several  species  (table  facing  page  242).  One  species,  M.  dispar,  has  but 
6  columns ;  another,  M,  giganteus,  has  12  colmnns,  and  one,  3/.  edu- 
ridgii,  has  12  or  14  columns  of  plates ;  also,  while  Meloniies  muUiporm  has 
10  columns  of  ambulacral  plates  as  the  feature  of  the  species,  it  may  be 
that  some  specimens  may  only  show  8  columns  throughout  the  area.  In 
this  species,  in  one  specimen  figured  (plate  5,  figure  20)  only  8  columns 
of  plates  exist  at  the  ambitus  (as  shown  in  the  lower  portion  of  the  am- 
bulacrum figured),' whereas  a  little  further  dorsally  (in  the  upper  por- 
tion of  the  ambulacrum  figured)  10  columns  may  be.  counted.  These 
two  last  added  columns  in  this  specimen  are  added  later  than  usual,  and 
it  is  conceivable  that  in  some  cases  they  might  not  be  added  at  all. 

Consideration  of  Olioopobus  and  Comparisons  of  the  same  wfth 

Mblonites. 

description  of  oliqoporus  miss0ubibn8i8,  8p.  nov. 

Plate  9,  figure*  50-52. 

A  fine  new  species  of  Oligoporus  has  recently  come  to  hand  firom  the 
Subcarboniferous  of  Webb  City,  Missouri.  The  exact  horizon  from  which 
this  specimen  came  is  somewhat  uncertain,  but  Dr  C.  R.  Keyes,  chief 
of  the  Missouri  Geological  Survey,  kindly  informs  me  that  it  is  in  all 
probability  from  the  Augusta  limestone.  To  this  species  I  would  give 
.the  name  Oligoporvs  miaaouriensis,  which  is  appropriate  in  recognition  of 
the  fact  that  this  state  has  yielded  such  rich  material  for  the  elacidatiou 
of  the  complex  structure  of  Paleozoic  Echini.  The  specimen  is  a  silici- 
fied  cast  free  from  matrix  and  is  very  slightly  compressed.  It  is  in  the 
collection  of  the  Museum  of  Comparative  Zoology,  catalogue  number  3078. 

The  specimen  measures  9  centimeters  in  height  through  the  dorso- 
ventral  pole ;  it  is  somewhat  compressed,  so  that  the  dorso-ventral  meas- 
urement is  slightly  exaggerated ;  greatest  width  through  the  ambitus  in 
the  plane  of  compression,  9.6  centimeters ;  width  at  right  angles  to  plane 
of  compression,  7  centimeters.  The  outline  of  the  test  presents  an  even, 
almost  continuous,  curved  outline,  the  ambulacral  and  interambulacral 
areas  presenting  very  little  elevation  beyond  the  outline  of  the  whole. 

The  ambulacra  consist  of  4  columns  of  low  plates  in  each  area ;  width 
of  ambulacra  at  ambitus,  from  1.4  to  1.6  centimeters,  narrowing  at  the 
dorsal  area.  Accessory  plates,  as  seen  in  OUgoporua  dansR  (plate  6,  figure 
30),  not  present.  Xwo  pores  are  in  each  plate.  The  spinose  projections 
of  the  specimen  which  represent  the  ambulacral  pores  lie  near  the 
middle  of  each  half  ambulacral  area  (plate  9,  figures  50  and  51).  This 
is  attributed  to  the  fact  that  the  specimen  is  an  internal  cast,  and  that 
the  pores  pass  toward  the  center  of  the  half-areas  in  traversing  the  thick- 
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ness  of  the  plates,  although  on  the  outer  or  distal  side  of  the  plates  they 
probably  existed  in  that  portion  of  the  plate  which  was  nearest  the  inter- 
ambulacra,  as  in  Oligoporus  danm  (plate  6,  figure  30).  A  similar  condition 
of  pores  in  the  center  of  each  half-ambulacrum  is  shown  in  the  view  from 
the  interior,  or  proximal  side,  of  Oligoporus  coreyi  (plate  6,  figure  25).  In 
MeUmUes  myitiporus  the  ambulacra!  pores  in  traversing  the  thickness  of 
the  plates  pass  toward  the  center  of  the  ambulacral  area  instead  of  each 
half-area,  as  shown  in  plate  2,  figure  5  (see  page  141). 

In  Oligoporus  missouriensis  about  5  ambulacral  plates  are  apposed  to 
each  interambulacral  plate.  The  ambulacral  plates  are  more  regular  in 
outline  than  in  any  other  species  of  the  genus  seen.  One  peculiarity  not 
seen  in  any  other  Paleozoic  echinoid.  is  the  fact  that  ambulacral  plates 
which  lie  opposite  the  horizontal  sutures  between  interambulacral  plates 
are  spread  out  in  a  fan-like  fashion  on  the  outer  border,  as  shown  in  the 
figure. 

Interambulacral  areas  measure  about  4.1  centimeters  in  width  at  the 
ambitus,  narrowing  toward  the  poles.  Adambulacral  plates  are  rounded 
on  the  ambulacro-interambulacral  suture.  There  are  6  columns  of  inter- 
ambulacral plates  at  the  ambitus,  and  no  more  are  added  in  the  dorsal 
portion.  The  sixth  column  in  area  A  is  introduced  by  the  pentagonal 
plate  6,  which  is  discontinuous  from  the  next  plate,  6',  of  its  series,  as  in 
the  ninth  column  of  Mdonites giganteus  (plate  5,  figure  21).  Around  this 
plate,  plate  6,  there  is  an  unusual  arrangement  of  plates.  A  pentagonal 
plate,  P,  lies  on  its  left  border,  and  an  octagonal  plate,  0,  by  its  two  added 
sides,  compensates  for  the  loss  of  two  sides  in  plates  6  and  6'.  The  sixth 
column  starts  a  second  time  in  pentagonal  plate  6'  and  adds  a  second 
plate  on  the  dorsal  border  of  it.  Then  the  sixth  column  dies  out  and  is 
seen  no  more  in  this  area  (see  page  150).  To  take  up  the  space  where  this 
column  has  dropped  out  there  is  an  enlargement  and  irregular  arrange- 
ment of  plates  in  the  fifth  and  fourth  columns.  The  plates  P  P'  P'\  in 
column  5,  which  should  be  hexagonal,  take  on  a  pentagonal  form,  and 
one  plate,  H^  of  column  5  is  heptagonal  and  extended  to  the  right  so  as 
to  cover  the  dorsal  border  of  the  last  formed  plate  of  column  6.  Besides 
these,  to  compensate  for  loss  of  sides  in  the  pentagons,  there  is  a  hep- 
tagonal plate,  /r,  in  column  4  and  another  heptagonal  plate,  IT',  in 
column  3.  This  is  one  of  the  most  unusual  irregularities  seen  in  any 
Paleozoic  Echinoid,  but  it  is  all  in  accordance  with  the  laws  of  growth 
Ml  hen  the  mechanical  conditions  are  ascertained.  Two  other  interambu- 
lacral areas,  E  and  6r,  not  shown  in  the  figure,  have  a  similar  dying  out  of 
column  6.  No  other  case  has  been  seen  in  any  type  of  a  column  originat- 
ing comparatively  early  in  the  life  of  the  individual  and  then  dying  out 
after  building  a  few  plates,  except  as  shown  in  Lepidesthes  wortheni  (plate  9, 
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figure  53).  One  of  the  interambalacral  areas,  C,  has  only  5  columns  as 
the  greatest  number,  and  this  abortive  introduction  of  a  sixth  in  three 
areas  shows  that  6  columns  have  not  become  a  fixed  specific  character. 
Another  specimen  has  5  columns  in  all  5  areas.  One  interambulacrum, 
/,  is  too  imperfect  for  details  to  be  ascertained.  Four  columns  of  plates 
are  made  out  at  the  ventral  border  of  the  interambulacra  as  fiar  an  thev 
can  be  traced,  but  the  specimen  is  imperfect  at  the  lower  portion  of  the 
corona.  New  columns  of  plates  are  introduced  by  pentagonal  plates  with 
adjacent  heptagonal  plates,  as  described  in  the  several  species  of  Mdonite» 
and  in  Oligoporus  coreyi  and  0.  danse.  Dorsally  the  newly  added  plates 
are  more  or  less  rhombic,  as  in  Mehnites  and  Oligoportis  danss  (plate  6, 
figure  34).    Surface  ornamentation  of  plates  is  like  plate  6,  figure  35. 

Part  of  the  genital  and  ocular  plates  are  preserved,  and  this  is  impor- 
tant for  comparison  with  the  only  other  species  of  the  genus  Oligopona 
nobiliSj  Meek  and  Worthen,  in  which  they  have  been  observed.  In  Oligo- 
pariis  nobiliSy  according  to  Meek  and  Worthen  (31),  3  genital  plates  showed 
5  pores,  while  2  showed  4 ;  the  ocular  plates  are  stated  as  imperforate. 
In  Oligoporus  missouriensis  (plate  9,  figure  52)  the  form  of  the  genitals 
and  oculars  is  the  same  as  in  Mdonites  (plate  3,  figure  13).  Two  genitals 
have  4  pores  and  one  3,  instead  of  5  and  4,  as  in  Oligoporus  nobilis.  The 
two  oculars  preserved  are  imperforate,  as  in  that  species  and  MdoniUi^ 
and  reach  to  the  periproct. 

Oligoporus  missourlensis  differs  from  Oligoporus  coreyi  (plate  6,  figure  28), 
which  has  6  columns  of  interambulacral  plates,  by  its  more  massive  pro- 
portions ;  also  by  the  smaller  relative  size  of  ambulacral  plates,  more 
abutting  against  an  interambulacral  plate  than  in  Oligoporus  coreyi  It 
differs  from  Oligoporus  blairij  Miller  and  Gurley  (34),  in  the  same  features ; 
also  in  being  nearly  circular  instead  of  melon-like  in  form,  as  in  that 
species.  It  differs  from  all  species  of  Oligoporus  or  Melonites  seen  or  de- 
scribed, in  the  nearly  circular  form  and  in  the  fact  that  the  interamba- 
lacral plates  at  the  junction  with  the  ambulacra  present  a  gently  curving 
outline  much  as  in  Archwocidaris  (plate  8,  figure  43),  instead  of  an  in- 
dented sutural  line,  as  in  Oligoporus  danse  (plate  6,  figures  30  and  31); 
also  in  the  peculiar  fan-like  form  of  certain  ambulacral  plates,  as  de- 
scribed. 

DESCRIPTION  OF  OLIGOPORUS  CORBTI. 

Oligoporus  coreyi,  Meek  and  Worthen  (32),  has  never  been  figured,  but 
was  described  by  its  authors  from  a  single  specimen  from  the  Keokuk 
group  of  Crawfordsville,  Indiana.  A  specimen  in  the  collections  of  the 
Museum  of  Comparative  Zoology  (catalogue  number  3(X)8),  after  care- 
ful study,  is  referred  to  this  species.    This  specimen  (plate  6,  figures  25, 


DESCRIPTION   OF    OLIQOPORUS  C0BB7I,  187 

28  and  29)  agrees  with  the  description  of  Oligoporus  coreyi  in  the  follow- 
ing characters :  Body  small,  globose,  moderately  thick  plates ;  interam- 
bulacra  twice  as  broad  as  ambulacra ;  ambulacra  composed  of  4  distinct 
columns  of  plates ;  interambulacra  in  the  middle  composed  of  6  columns 
of  plates ;  pores  of  the  ambulacral  plates  situated  near  the  outer  edge. 
The  pores  are  near  the  center  of  each  half-area  in  plate  6,  figure  25,  but 
that  is  because  the  specimen  is  viewed  from  the  inner  or  proximal  side 
of  the  test  and  the  pores  pass  toward  the  center  of  the  half-area  in  trav- 
ersing the  thickness  of  the  plate  (see  Oligoponis,  plate  9,  figure  50 ;  see 
page  184).  The  height  of  Meek  and  Worthen's  type  was  1.65  inches ; 
the  specimen  here  described,  as  far  as  preserved  (plate  6,  figure  28), 
measures  1.87  inches  in  height.  If  perfect  dorsally,  it  would  probably  add 
at  least  half  an  inch  to  this  measurement.  If  the  type  was  a  reasonably 
entire  specimen,  which  is  not  stated,  our  specimen  would  probably  be  a 
little  longer  in  the  dorso-ventral  axis.  The  type  is  stated  as  being  about 
two  inches  in  breadth  and  the  interambulacra  are  stated  as  twice  the 
width  of  the  ambulacra.  The  authors  do  not  say  what  the  width  of  the 
ambulacra  and  interambulacra  is,  but  we  can  estimate  these  areas  ap- 
proximately from  their  measurement  of  the  breadth.  If  the  breadth, 
which  is  two  inches,  represents  fairly  the  diameter,  as  may  be  assumed, 
then  the  circumference  may  be  attained  by  multiplying  the  diameter,  2 
inches,  by  3.14,  which  gives  6.28  inches,  or  15.8  centimeters,  for  the  cir- 
cumference. As  the  ambulacra  are  half  the  width  of  the  interambulacra, 
therefore  the  width  of  the  ambulacra  must  be  one-fifteenth  of  the  circum- 
ference, or  1.05  centimeters ;  the  width  of  the  interambulacra  would  be 
twice  that  amount,  or  2.1  centimeters.  Comparing  the  specimen  with 
this  ideal  measurement,  I  find  that  the  ambulacra  measure  at  the  widest 
part  1  centimeter  and  the  interambulacra  1.9  centimeters.  These  meas- 
urements, taken  with  the  number  of  columns  of  plates,  the  inferred  size 
of  the  plates,  etcetera,  render  jt  entirely  probable  that  the  specimen  is 
Oligoporus  coreyi  In  the  type  the  surface  is  described  as  unknown,  but 
in  this  specimen  the  plates  of  the  interambulacrum  are  thickly  covered 
with  small  bosses  for  the  attachment  of  spines  (plate  6,  figure  29).  No 
spines  are  preserved. 

The  specimen  of  Oligoporus  coreyi  here  described  is  labeled  as  from 
Indiana,  but  the  label  does  not  give  a  detailed  locality  or  geological  hori- 
zon. The  specimen  is  composed  of  thoroughly  crystallized  calcic  car- 
bonate, which  is  stained  reddish  brown  with  oxide  of  iron.  It  difiers 
lithologically  from  Crawfordsville  material  and  cannot,  therefore,  be 
ascribed  to  that  locality.  The  type  was  from  the  Keokuk  group,  and  hav- 
ing no  evidence  to  the  contrary  this  specimen  is  provisionally  ascribed 
to  the  same  horizon. 
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The  species  Oligoporus  cmeyi  differs  from  Oligoporus  danse  as  described 
in  the  original  publication,  which  is  here  confirmed,  in  being  much 
smaller  and  apparently  more  depressed  in  form  ;  in  having  more  deeply 
furrowed  ambulacral  areas,*  and  also  only  6  columns  of  interambulacral 
plates.  From  Oligoporus  nobilia  it  diflfers  by  its  smaller  size  and  more 
deeply  sulcate  areas,  which  are  proportionately  wider.  Oligoporus  coreyi 
differs  from  Oligoporiia  muiatua,  Keyes  (23),  and  0.  missouriensis,  Jackson, 
in  having  relatively  much  smaller  plates  and  in  being  much  smaller 
as  a  whole ;  also  in  being  a  fine  delicate  species  rather  than  robust  in  its 
proportions ;  it  also  has  much  less  of  a  melon-like  rotundity  in  its  areas 
than  0.  mutatuSy  as  well  as  one  more  column  of  interambulacral  plat^ 
than  that  species. 

It  is  shown  in  echinoids  that,  as  the  individual  grows,  new  columns  of 
interambulacral  plates  are  progressively  added  until  the  number  normal 
to  the  species  is  attained.  It  may,  therefore,  be  properly  questioned 
whether  this  specimen  is  an  adult,  and  not  the  young  of  another  species 
as  Oligoporus  dan«,  which  in  later  growth,  had  the  animal  lived,  would 
have  added  more  columns  of  plates,  and  the  plates  themselves  have  in- 
creased in  size.  In  many  cases  this  might  be  a  difficult  question  to  decide, 
and  it  is  possible  that  species  of  Palasechinoids  have  been  based  on  im- 
mature specimens ;  but  from  the  very  principles  of  growth  involved  we 
find  the  answer  in  this  case.  The  first  6  columns  of  plates  are  here,  as 
in  all  other  cases  studied,  introduced  comparatively  early  in  the  life  of 
the  individual,  in  this  case  the  sixth  originating  in  what  is  probably  the 
ninth  row  from  the  oral  end,  A  seventh  row,  if  it  were  to  be  added, 
should  have  followed  soon  after  the  sixth,  as  in  Oligoporus  darue  (plate 6, 
figure  34).  In  Oligoporus  coreyi  6  rows  of  plates  are  added  after  the  intro- 
duction of  the  sixth  column  without  the  appearance  of  a  seventh  column ; 
therefore  firom  a  comparative  study  of  other  related  species  and  genera 
it  can  properly  be  assumed  that  no  more  would  have  been  added. 

ARRANGEMENT  AND  DEVELOPMENT  OF  PLATES  IN  OLIOOPORUS  CORETL 

Turning  from  the  consideration  of  species  characters  to  that  of  the 
arrangement  and  development  of  the  ambulacral  and  interambulacral 
areas  of  Oligoporus^  as  shown  in  the  specimen  of  0.  coreyi.  The  study  of 
Oligoporus  and  the  comparison  of  its  plate  arrangement  and  development 
with  that  of  Melonites  is  important  on  account  of  the  evident  affiliation 
of  the  genera.  Adult  Oligoporus  is  characterized  by  possessing  4  columns 
of  ambulacral  plates,  and  sometimes  accessory  intercalated  plates,  as 
described  in  Oligoporus  danas.     In  the  interambulacra  of  Oligoporus  there 

*The  degree  of  depressioa  is  not  shown  in  our  ppecimen,  as  it  is  preserved  only  as  flattened  oat 
portions  of  the  test. 
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are  from  4  to  9  columns  of  plates,  varying  with  the  species.  It  is  shown 
in  preceding  pages  that  the  young  of  MdoniteSy  as  indicated  by  the  ventral 
portion  of  the  corona,  in  two  species  is  like  adult  Oligoporus  in  having  4 
columns  of  ambulacral  plates ;  therefore  the  ventral  portion  of  Oligoporus 
assumes  a  special  interest,  as  by  it  the  relations  of  the  two  types  may 
be  carried  back  one,  two,  or  even  three  steps  further. 

The  ventral  termination  or  younger  portion  of  Oligoportis  coreyi  is  shown 
in  plate  6,  figure  25.  First  taking  up  the  ambulacral  areas,  it  is  seen  that 
the  ambulacrum  terminates  ventrally  in  two  plates,  a,  6.  The  plates  do 
not  run  directly  across  the  half  area  as  in  Qidaris  (plate  8,  figure  48),  but 
slightly  overlap  one  another,  as  seen  more  markedly  in  the  ambulacrum 
of  Rhoechiaus  gracilU  and  elegans  (plate  7,  figures  37  and  40).  Passing 
dorsally,  the  overlapping  of  the  plates  of  the  ambulacrum  in  OligoponL8j 
plate  6,  figure  25,  progressively  decreases,  passing  through  a  stage  which 
may  be  compared  with  the  characteristic  condition  of  Pcdxechinus  (plate 
7,  figure  39)  until  in  the  tenth  row  on  the  right  side  of  the  area  it  is  seen 
that  there  are  two  plates,  a,  a\  in  one-half  of  the  ambulacrum,  which 
interlock  at  their  median  points  of  contact  almost  exactly  as  they  do  in 
the  adult  of  Oligoporus  danse  (plate  6,  figure  30). 

It  is  observed  that  the  pores  of  the  ambulacral  plates  in  Oligoporus 
cweyi  are  in  the  center  of  the  half-areas  instead  of  being  close  to  the 
interambulacral  area,  as  seen  in  0.  danm  (plate  6,  figure  30).  This  is 
because  the  specimen  is  viewed  from  the  inner  or  proximal  side  of  the 
test,  and  the  pores  in  passing  through  the  substance  of  the  plate  are  in- 
clined, so  that  while  they  are  toward  the  interambulacral  area  on  the 
outer  or  distal  side  of  the  plate  on  the  inner  side  they  appear  much  nearer 
the  center  of  each  half-ambulacral  area  (see  page  184). 

We  have  in  this  development  of  the  ambulacrum  of  Oligoporus  the 
highly  interesting  fact  that  ventrally  the  plates  of  that  area  are  in  two 
instead  of  four  rows,  and  are  in  addition  closely  like  the  plates  of 
Rhoechinus;  during  growth  and  before  attaining  the  mature  condition 
they  pass  through  a  stage  like  that  characteristic  of  Palasechinus ;  also 
the  final  important  fact  that  the  number  and  arrangement  of  ambulacral 
plates  of  adult  Oligoporus  is  like  that  of  the  ventral  or  younger  portion  of 
MeionUes  (plate  2,  figure  2).  As  the  ambulacral  areas  are  the  real  feature 
of  generic  distinction  between  Rhoechinus,  Palssechinus,  Oligoporus  and 
MeloniieSj  it  is  with  great  satisfaction  that  I  am  able  to  state  that  the  four 
genera  may  be  most  intimately  and  serially  connected  by  a  study  of  the 
growth  of  the  ambulacrum.  The  four  genera  represent  a  distinct  phylum , 
which  is  progressively  advancing  in  the  line  of  increase  of  columns  of 
ambulacral  plates.  Etheridge  (11)  has  pointed  out  already  from  a  con- 
sideration of  the  adult  that  Oligoporus  seems  to  be  intermediate  between 
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Rhoechinvs^^PaUechinus*)  and  MehniteSy  having  twice  the  number  of  am- 
bulacral  plates  of  the  former  and  less  than  the  latter.  His  view  is  fully 
substantiated  by  the  development. 

In  Oligoponis  the  development  of  the  two  columns  of  plates  in  each 
half  ambulacrum  from  the  very  early  condition  of  one  column  of  plates, 
as  seen  ventrally,  may  be  compared  to  interlocking  one's  fingers  and  then 
gradually  pulling  them  apart.  It  is  seen  from  studying  the  figures  that 
the  two  columns  of  plates,  a,  6,  at  the  ventral  border  of  Oligoporus  (plate 
6,  figure  25)  together  correspond  to  the  4  columns  of  plates,  a,  a\  b\  6,  in 
adult  Oligoporus;  also  they  are  the  homologue  of  the  4  columns,  a,  a',  6'  b^ 
at  the  ventral  border  of  Mdonitea  (plate  2,  figure  4)  and  in  adult  Mdoniies 
(plate  2,  figures  2  and  4,  and  plate  4,  figure  19)  they  correspond  to  the  two 
large  median  columns  of  ambulacral  plates,  a\  h\  together  with  the  two 
small  lateral  columns,  a,  6.  We  have  then  the  interesting  morphological 
deduction,  figure  1,  page  191,  that  the  4  columns  of  Oligoporus  are  the 
equivalent  of  the  two  median  and  two  outer  columns  of  ambulacrals  in 
Melonites,  and  that  these  4  columns  of  each  genus  are  traceable  to  and 
directly  derivable  from  the  two  columns  of  ambulacrals  in  types  like 
Rhoechinus  (plate  7,  figure  37)  and  the  two  plus  columns  in  PaUs€chinm\ 
(plate  7,  figure  39),  or  earlier  still  to  the  two  columns  existent  in  the 
ancient  primitive  t3'^pe  Bothrioddaris,  figure  4,  page  234.  These  4  columns 
of  Oligoporus  and  Melonites  also  appear  to  be  the  morphological  equiva- 
lent of  the  two  columns  of  ambulacrals  seen  in  Arch^socidaris  and  allies; 
also  modern  Oidaris  and  related  forms. 

Turning  to  the  consideration  of  the  ambulacrum  of  adult  OligopoTus 
danas  (plate  6,  figure  30),  it  is  seen  that  there  are  4  columns,  a,  a\  h\  h,  of 
well  developed,  clearly  defined  plates.  It  is  also  seen  at  certain  points 
that  accessory  plates  exist  between  the  primary  ambulacral  plates  and 
close  to  the  middle  of  each  half  area.  These  accessory  plates  are  not 
regularly  distributed  excepting  in  so  far  as  occupying  a  median  position. 
It  seems  that  in  these  occasional  plates  we  can  see  the  foreshadowings  of 
additional  columns  of  plates,  which,  as  shown  in  Melonites  (plate  2,  figures 
4  and  2),  originate  in  just  this  same  median  position  between  the  outer 
and  median  column  of  each  half  ambulacral  area. 

The  morphological  and  genetic  relations  of  the  ambulacral  plates  in 
these  genera  are  expressed  in  the  accompanying  diagram,  figure  1,  which^ 
with  the  foregoing  description,  fully  illustrates  itself.  It  is  believed  that 
this  figure  expresses  the  correct  phylogenetic  relations  of  the  included 

*The  species  of  PtUaewhinut  have  been  diyided  between  the  ^nera  Rhotchintu  and  jpotoaeAinM 
by  Dancan  (8)  since  EtheridKe^a  paper  was  published. 

t  In  PoUB9chin\u  there  are  not  4  fuUy  developed  columns,  aa  in  OUgoporug.  It  is  really  a  transi- 
tion condition*  and  for  convenience  in  this  paper  the  number  of  ambulacral  columns  are  designated 
M  two  plus.    See,  also,  description  of  this  genus,  page  205.  and  the  systematic  table  facing  page  242' 
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Meloniies  muUi2)oru8 
at  ambitus. 


MelonUes  multiporus  at  ven- 
tral border. 


Oligoporus  danss  at  ambi- 
tus. 


genera,  for  in  the  interambulacruni  a  corresponding  progressive  develop- 
ment occurs  as  well  (see  classification  in  table  facing  page  242). 

The  interambulacrum  of  Oligoporm  coreyi  (plate  6,  figure  25)  terminates 
ventrally  in  two 
plates,  1  and  2, 
as   shown    in 
both    areas    of 
the  figure,  just 
as     previously 
seen  in  Mdonites  mul- 
tiporiis.    As  this  speci- 
men is  viewed   from 
the  inside,  the  left  ad- 
amhulacral     column 
appears  on  the  right 
side  of  the  figure,  et- 
cetera, and  the  rela- 
tive position  of   the 
areas  appears  for  the 
same  reason  in  inverse 
order  to  that  shown  in  Me- 
lonites  muUiporu8  (plate  2, 
figure  2),  which  is  viewed 
from  the  outer  or  distal  side 
of  the  corona.     This  fact 
must  be  borne  in  mind  in 
considering  the  description 
of  the  figure,  as  otherwise 
features  which  are  really 
perfectly  normal,  accord- 
ing to  the  law  of  growth, 
would  appear  abnormal  or 
reversed. 

Plates  numbers  1  and  2 
at  the  ventral  border  form 

the  basis  of  the  two  adam-  ^'®^*^  i.-RelatUms  of  the  ambulacral  Bates. 

v^.i          I       1                  />         X  The  diasrram  illustrates  the  relations  of  the  ambulacral 

bUiacral  columns  of  pentag.  p,^t„  ^^  ^^e  ambitus  or  the  ventral  border  and  ambitus 

Onal  plates,  as  in  MeloniteS,  of  the  several  included  genera.    Compare  with  figures  in 

Plate   1   of  the  right-hand  Pl^^^es  and  figures  3  and  4,  page  234.  see  also  page  142. 

area  is  mutilated  on  its  ventral  aspect,  so  that  it  presents  a  jagged  out- 
line; but  plate  2  is  entire  on  its  ventral  aspect.  This  plate  has  an 
inclined  face  leading  upward  from  the  ventral  to  its  median  portion, 


Oligoporus  coreyi  at. ventral  bor- 
der. 


PcUxechinus  gigas  at  ambitus. 


Hhoechinus  elegans  at  ambitus. 


Bothriocidaris  paJikni  at  ambitus. 
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presenting  just  such  a  form  as  seen  in  plate  2  of  Melonites  muliiponts 
(plate  3,  figure  10).  Restoring  the  broken  border  of  plate  1,  as  is  done  in 
plate  6,  figure  26,  we  see  that  the  two  plates  by  their  inclined  faces  include 
an  angle  ventrally,  just  as  in  Melonites  midtiporus  (plate  3,  figure  10).  This 
angle  is  apparently  the  space  occupied  by  a  missing  plate,  1',  which,  as  a 
stage  in  growth,  corresponds  exactly  with  a  similar  stage  in  Strongyhcm- 
trotas  (plate  3,  figure  9),  as  discussed  on  page  144.  This  condition  in 
Oligoporus  apparently  represents  a  condition  in  which  by  the  advancing 
edge  of  the  peristome  the  ventral  border  of  the  interambulacrum  has  been 
partially  resorbed,  so  as  to  cut  away  a  large  part  of  plate  1'  and  induce 
straight  edges  on  a  portion  of  the  ventral  areas  of  plates  1  and  2,  as  in  the 
figures  of  Melonites  and  Strongylocentrotits  cited.  In  plate  6,  figure  27,  the 
ventral  area  of  Oligoporus  coreyi  is  restored  to  the  condition  it  probably 
had  before  any  resorption  of  the  interambulacrum  took  place.  Plate  1 
is  there  a  large  pentagonal  plate  filling  the  entire  ventral  area  and  having 
the  same  position  and  form  which  the  same  plate  had  in  Melonites  as 
restored  in  plate  3,  figure  11,  and  in  Strongylocentrotus  (plate  3,  figure  8), 
as  observed  by  Professor  Lov6n.  A  similar  form  and  position  of  this 
first  plate  1'  of  the  interambulacrum  is  shown  in  this  paper  in  Pholido- 
cidaris  (plate  9,  figure  54),  Lepidechinus  (plate  7,  figure  42),  and  Gonioci- 
daris^  after  Lov^n  (figure  3,  page  234).  A  similar  position,  but  from 
mechanical  reasons  a  difierent  formed  plate,  is  seen  in  the  first  plate,  1',  of 
Bothriocidaris  (figure  4,  page  234). 

In  Olig&poTus  this  first  plate,  1',  from  the  law  of  alternation  of  introduc- 
tion of  columns  should  be  the  first  member  of  column  1,  the  left  adambu- 
lacral  column,  as  in  Melonites.  By  its  presence  this  single  plate  represents 
a  single  column  stage  seen  in  the  young  of  the  whole  class  of  Echini 
as  maintained  by  Professor  Lov6n,  and  finds  its  ancestral  representative 
in  adult  Bothriocidaris  (figure  4,  page  234).  The  relations  and  importance 
of  this  early  single  plate  stage  are  discussed  under  Mdonites,  page  144. 

In  the  next  row  of  plates  above  2  and  3  in  Oligoporus  (plate  6,  figure  25) 
we  find  plate  3,  which  is  hexagonal,  and  is  the  initial  plate  of  the  first 
column  of  median  hexagonal  plates,  exactly  as  in  Melonites,  In  the  next 
row  pentagonal  plate  4  appears,  and  it  is  the  beginning  of  column  4.  Its 
ventral  border  impinges  on  the  dorsal  side  of  plate  3,  inducing  thereby 
the  hexagonal  form  of  that  plate,  just  as  in  Melonites.  Column  4  at  its 
origin  has  two  columns  on  the  right  and  one  on  the  left,  which,  as  the 
specimen  is  viewed  from  the  inside,  is  the  equivalent  of  two  on  the  left 
and  one  on  the  right,  the  normal  number  as  viewed  from  the  outside. 
Three  rows  further  dorsally  the  fifth  column  is  introduced  by  pentagon 
number  5,  with  a  heptagonal  plate,  £f,  on  its  right  side  (left  as  viewed 
from  without).    This  column  at  its  origin  occupies  a  median  position, 
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with  two  columns  on  either  side,  as  usual.  This  column  originates  in  the 
same  row  as  it  does  in  Melonitea  multiporus  (see  discussion,  page  162).  The 
interamhulacral  area  is  not  preserved  above  this  point. 

In  a  later  period  of  growth,  which  represents  as  far  as  preserved  the 
interambulacrum  of  adult  Oligoporus  coreyi  (plate  6,  figure  28),  there  is  at 
the  ventral  border  a  pentagonal  plate  4,  representing  the  initial  plate  of 
column  4.  This  column  has  at  its  origin  two  columns  on  the  left  and 
one  on  the  right  (as  seen  by  producing  ventrally  the  plates  which  are 
missing  in  column  1  at  this  point),  which  is  the  equivalent  of  two  on  the 
right  and  one  on  the  left  as  viewed  from  the  outside.  It  is,  therefore,  a 
left-handed  column,  as  in  the  same  column  of  area  /  of  Mehnites  (plate  2, 
figure  2).  The  fifth  column  is  introduced  by  pentagon  6  in  the  third 
row  above  4,  as  in  the  other  area  just  described.  Pentagon  5  has  a  hep- 
tagonal  plate,  jff,  on  its  right  border  (the  left  as  viewed  from  without). 
In  the  third  row  above  5  the  sixth  column  is  introduced  by  pentagon  6, 
with  a  heptagonal  plate  on  its  right  (left  as  viewed  from  without),  the 
normal  position.  At  its  origin  column  6  has  two  columns  on  its  left  and 
three  on  its  right,  the  normal  position,  when  the  numbers  are  reversed  for 
comparison  from  without.  Above  pentagon  6,  6  rows  of  plates  are  intro- 
duced without  the  appearance  of  a  seventh  column,  and  as  the  seventh 
is  introduced  soon  after  the  sixth  in  Oligoporua  danas  (plate  6,  figure  34) 
and  all  specimens  of  Mehnites  mvXtiporus  and  M.  giganteus,  there  is  in  this 
fact  evidence  for  supposing  that  no  more  columns  would  originate,  as 
previously  discussed.  The  inward  curvature  of  the  sides  of  the  inter- 
ambulacrum in  its  dorsal  portion  indicates  that  it  is  relatively  near  what 
was  the  dorsal  termination  of  the  area,  so  that  if  any  more  columns  were 
present  in  the  specimen  when  entire,  they  must  have  originated  quite 
close  to  the  genital  area,  as  seen  in  the  ninth  column  of  Rhoechinua 
gracUia  (area  C,  plate  7,  figure  36). 

DESCRIPTION  OF  PLATS  ARRANOEMBNT  IN  OLIGOPORUS  DAN^. 

Oligoporas  danss,  Meek  and  Worthen,  of  the  Keokuk  group  has  been 
described  only  by  the  authors  (30)  in  their  original  publications  on  the 
Bpecies.  I  am  therefore  able  to  add  some  new  features  to  the  present 
knowledge  of  the  species,  as  well  as  to  make  comparisons  of  its  plate 
arrangement  with  that  of  Mdonites.^ 

A  specimen  of  Oligopmm^  danas  in  the  collections  of  the  Museum  of 
Comparative  Zoology  (catalogue  number  2997)  shows  nearly  the  whole 
of  an  interambulacrum  above  the  ventral  portion,  as  well  as  the  ambu- 


^The  type*  of  OUgoporua  dana  and  O.  nohilia  are  in  the  Worthen  collection  in  the  Unireroity  of 
Illinoifi,  At  Urbana,  Illinois  (site  foot  note,  pa^e  136).  The  types  of  Oligoporus  bcllulutt  blairi  nnd 
*Wm/iu  are  in  the  prirate  collection  of  Mr  Wm.  P.  E.  Gurley,  of  Springfield,  Illinois,  as  I  am  in- 
formed by  that  gentleman. 
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lacra  on  either  side.  The  adambulacral  plates  are  inclined  under  the 
adjacent  ambulacrals,  as  in  Melonites  mtdtiporus  (plate  2,  figure  5) ;  other- 
wise there  is  no  imbrication,  but  interambulacral  plates  are  inclined 
slightly  upward  and  outward  on  all  sides,  as  usual  in  hexagonal  plates 
of  this  group. 

At  the  ventral  end  of  this  specimen,  as  far  as  preserved  (plate  6,  figure 
31),  there  are  6  columns  of  plates,  the  left  adambulacral  being  produced 
mentally.  The  adambulacral  columns  are  composed  of  pentagonal,  the 
median  of  hexagonal  plates,  as  in  fildonites.  In  the  second  row  the 
seventh  column  is  introduced  by  pentagon  7.  It  has  an  equal  number 
of  columns  on  either  side,  and  has  a  heptagonal  plate  on  its  left  ventral 
border.  This  heptagon  is  on  the  wrong  side,  as  by  the  law  of  symmet- 
rical development  it  should  appear  on  the  right  border  of  pentagon  7 ; 
but  such  variations  are  quite  frequent,  as  described  under  Melonites.  In 
the  fifth  row  above  initial  plate  7  the  eighth  column  is  introduced  by 
pentagon  8,  with  a  heptagon  on  its  right.  Column  8  has  3  columns  on 
the  left  and  4  on  the  right,  so  that  it  is  a  left-handed  series  of  plates,  and 
also  the  heptagon  is  on  the  wrong  side.  In  the  sixth  row  above  penta- 
gon 8  the  ninth  and  last  column  added  is  introduced  by  pentagon  9,  with 
a  heptagonal  plate  on  its  left.  This  plate  by  rule  should  be  on  the  right 
of  pentagon  9.  This  ninth  column  at  its  point  of  origin  has  4  columns 
on  the  left  and  4  on  the  right,  its  correct  theoretical  position. 

At  this  horizontal  plane  and  just  above  it  there  is  one  of  the  most 
irregular  and  unusual  arrangements  of  plates  seen  in  any  Pals&echinoid. 
Next  to  pentagon  9  on  the  left  there  is  an  accessory  pentagon,  P,  which 
is  a  member  of  column  8,  and  to  compensate  for  its  missing  side,  as  it 
should  be  a  hexagon,  there  is  a  seventh  side  added  to  a  plate,  H\  next 
it  on  the  left,  which  heptagonal  plat^  is  a  member  of  column  5.  The 
second  plate,  9',  in  the  ninth  column,  is  separated  from  the  initial  plate  9 
by  the  interposition  of  4  plates,  7',  7'  and  8',  8',  belonging  to  the  two  rows 
succeeding  pentagon  9,  and  these  4  plates  are  respectively  members  of 
columns  7  and  8,  as  indicated  by  their  numbers.  One  other  case  has 
been  observed  in  which  the  initial  plate  of  a  column  was  separated  from 
the  second  plate  of  its  series,  namely,  that  shown  in  the  ninth  column 
of  ^fel(ynites  glganiem  (plate  5,  figure  21),  but  in  this  case  the  succeed- 
ing plates  of  column  9  are  only  separated  by  the  intercalation  of  one 
pair  of  plates,  and  the  initial  plate  is  tetragonal  instead  of  pentagonal* 
These  are  the  only  cases  observed  in  the  numerous  specimens  of  Palse- 
echini  studied  in  which  the  successive  plates  of  columns  were  not  con- 

*  Still  a  third  case  of  the  separation  of  successive  plates  in  a  column  by  the  intercalation  of  the 
lateral  plates  of  adjacent  columns  is  shown  in  the  specimen  of  Oiigoporut  miBtourientu  (plate  d, 
figure  60),  and  a  fourth  case  is  seen  in  RhoechinM  graeilitt  in  the  seventh  column  of  area  /(plate  T, 
figure  36). 
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tinuous  from  their  point  of  origin  in  the  initial  plate  to  the  dorsal  area, 
where  the  plates  are  normally  separated  dorso-ventrally  by  the  string- 
ing-out  arrangement  characteristic  of  newly  formed  plates,  as  shown 
in  Melanilea  (plate  3,  figure  13).  This  want  of  continuity  in  successive 
plates,  as  stated  under  Melonitea  gigantevs,  page  177,  is  to  be  explained 
by  supposing  that  after  the  initial  plate  9  was  formed,  no  more  plates 
were  built  in  this  column  for  a  period  in  which  two  rows  were  added  to 
the  other  columns  of  the  area ;  then,  in  the  third  row,  additions  to  column 
9  were  begun  afresh.  It  is  to  be  observed  that  this  break  of  continuity 
in  the  cases  described  usually  occurred  at  the  point  of  introduction  of  a 
new  column.  No  break  at  any  other  portion  of  a  column  has  been  ob- 
served in  any  Paleozoic  Echini  excepting  Rhoechinua  gracilis^  as  de- 
scribed on  page  203. 

When  new  columns  are  introduced,  the  initial  plate  is  pentagonal; 
therefore  after  such  a  break  of  continuity  as  just  described  in  Oligoporua 
danas  (plate  6,  figure  31),  the  first  plate,  9',  built  after  the  break  occurred 
should  theoretically  be  pentagonal,  as  the  mechanical  requirements  of  the 
case  are  precisely  the  same  as  if  it  were  a  new  column.    It  is  seen,  how- 
ever, that  plate  9^  is  hexagonal ;  but  an  adjoining  plate,  N,  of  column  7  is 
pentagonal  and  bears  a  heptagonal  plate,  H^  which  is  a  member  of  column 
6«  on  its  right  ventral  border.    This  shows  clearly  that  the  pentagonal 
and  a(]Qacent  heptagonal  form  may  in  the  mechanical  adjustment  of  grow- 
ing parts  be  forced  on  to  some  other  plates  of  the  same  row  rather  than  be 
taken  on  by  the  actually  new  column  introduced.    If  this  very  rare  sepa- 
ration of  the  plates  of  the  column  had  not  taken  place  and  initial  penta- 
f^on  9  had  not  been  formed,  I  should  have  described  this  case  by  saying 
that  column  9  originated  in  plate  Nj  with  a  heptagonal  plate,  JET,  on  its 
right  ventral  border,  the  usual  position;  but  the  position  of  the  column 
would  be  anomalous  in  having  5  columns  on  its  left  and  3  on  its  right. 
Just  such  a  supposed  condition  may  be  the  explanation  of  the  position 
of  the  ninth  column  described  in  MeUyiiUes  muUiporua  (catalogue  numbers 
3016  and  3023,  tables,  pages  165  and  168).    This  case  of  Oligoponis  danas  is 
very  instructive  and  suggestive,  for  it  seems  as  if  it  might  explain  the 
apparently  anomalous  position  of  newly  introduced  columns  in  any  of 
the  cases  of  Mdoniies  which  are  figured  and  tabulated,  as  in  plate  9,  figure 
49.    While  with  the  addition  of  a  new  column  the  middle  plate  of  a  row 
commonly  takes  on  a  pentagonal  form,  which  we  therefore  call  the  initial 
plate  of  the  new  column,  this  form  may  be  shoved  on  some  other  plate 
of  the  same  row,  while  the  new  column,  which  is  probably  still  central, 
becomes  continuous  with  the  series  of  plates  of  a  preceding  column.    To 
explain  this  idea  in  the  case  of  Oligoporus  danx  (plate  6,  figure  31),  column 
9  as  expressed  by  its  upper  limits,  from  plate  9'  upward,  would  be  a  direct 
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continuation  of  column  7,  without  any  means  of  distinguishing  the  fact 
that  the  resulting  column  was  really  made  up  by  the  combination  of  two 
separate  columns. 

The  whole  matter  of  columns  requires  critical  consideration  in  this  new 
light.  Columns  are  the  result  of  the  superimposing  of  plates  in  successive 
rows.  While  columns  are  probably  the  clearest  and  easiest  way  of  com- 
paring the  introduction  and  position  of  plates  in  an  interambulacnim, 
the  real  feature  of  variation  and  progressive  development  is  the  row,  the 
columns  being  the  resultant  of  successive  rows  exposed  in  a  limited  area 
to  lateral  thrusts  and  pressure.  Considering  it  in  this  light,  at  a  certain 
period  in  the  life  of  the  genus,  species  and  individual  a  row  of  one  plate 
is  built ;  this  is  the  first  row.  In  the  next  stage  a  row  of  two  plates  is 
built,  then  a  row  of  3,  succeeded  by  4,  etcetera.  When  the  higher  num- 
bers are  attained,  several  rows  of  a  given  number  of  plates  are  built 
before  the  introduction  of  a  row  of  a  higher  number  of  plates.  When  a 
row  is  built  containing  one  plate  more  than  the  preceding  row,  some  one 
plate  by  lateral  thrusts  is  forced  into  a  pentagonal  form,  which  we  nat- 
urally consider,  therefore,  the  initial  plate  of  a  new  series  or  column,  as 
expressed  in  these  pages.  The  plate  which  thus  adopts  the  pentagonal 
form,  as  shown  by  tabulation  of  cases  of  odd-numbered  columns  in  Mdo- 
nites  (page  163),  is  the  median  plate  of  the  row  in  over  95  per  cent  out  of 
138  examples  cited.  The  reason  that  this  plate  is  dynamically  selected 
is  apparently  because  the  middle  plate  of  a  row  is  that  one  which  received 
equal  pressure  from  both  sides,  and  also  being  in  the  middle  of  an  area 
built  on  a  curved  horizontal  plane  a  newly  added  plate  can  there  most 
easily  effect  an  entrance  to  permanent  position.  When  a  row  is  built  of 
one  more  plate  than  the  preceding  row  possessed,  we  cannot  probably 
say  with  positiveness  which  plate  of  the  new  row  is  the  superadded  one, 
although  plates  which  are  to  form  new  columns  are  probably  added  in 
the  middle  of  the  area,  as  this  conclusion  is  supported  by  such  extremely 
definite  arrangement  in  the  method  of  addition  of  columns. 

In  the  dorsal  portion  of  the  interambulacrum  of  this  specimen  of 
Oligoponia  danas  (plate  6,  figure  31)  the  form  of  the  plates  is  gradually 
changed  from  the  hexagonal  outline  of  older  plates  to  the  characteristic 
rhombic  form  of  young  newly  introduced  plates,  as  described  in  Melonit^s 
muUiporus  (plate  3,  figure  13).  This  change  is  effected  as  in  Mdonites  by 
the  gradual  shorter  and  shorter  length  of  the  upper  and  lower  sides  of 
the  hexagons.  An  entirely  rhombic  plate  is  not  shown  in  this  specimen ; 
but  such  would  doubtless  have  existed  if  the  specimen  had  been  pre- 
served a  little  nearer  to  the  dorsal  termination  of  the  area. 

The  spines  of  OUgcyporus  danm  have  not  been  previously  described.  In 
a  specimen  of  this  species  in  Yale  University  Museum  a  number  of  spines 
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are  preserved.  These  spines  (plate  6,  figure  32)  are  long,  cylindrical  and 
swollen  at  the  base.  On  some,  faint  longitudinal  strise  were  seen,  which 
are  apparently  original  ornamentation.  The  spines  are  longer  than  in 
Melonites  muUiporus  (plate  2,  figure  1),  and  do  not  show  the  bulging 
which  is  characteristic  of  that  species.  Probably  the  spines  originally 
were  longer  than  here  figured,  as  they  terminate  distally  in  a  blunt  end 
which  suggests  a  more  elongate  form  when  perfect.  Another  specimen 
of  OUg&porus  danae,  in  Yale  University  Museum,  shows  an  interesting  con- 
dition of  fossilization  of  ambulacral  plates.  This  specimen  (plate  6,  fig- 
ure 33)  is  silicified ;  but  instead  of  the  plates  being  silicified  in  parts  of 
the  test  the  spaces  between  the  plates  and  the  pores  have  been  the  seat 
of  deposition  of  silica,  as  shown  in  plate  5.  It  is  well  known  that 
silicification  enlarges  parts  by  accretion,  so  here  we  get  a  silicious  ridge 
representing  the  space  between  plates  which  is  much  wider  than  the 
space  between  the  plates  themselves  could  have  been,  and  the  ambulacral 
pores  which  are  represented  by  elevated  plugs  are  larger  than  the  pores 
in  normal  plates  of  the  species.  This  specimen  is  of  interest  as  throwing 
light  on  the  structure  of  a  specimen  of  Rhoechinus  gracilis  described  in 
a  succeeding  chapter. 

The  ambulacrum  of  Oligoporus  danse  (plate  6,  figure  31)  was  described 
under  the  consideration  of  OligoportLS  coreyi  (page  190). 

Turning  to  the  excellent  figure  of  Oligoporus  danse  published  by  Meek 
and  Worthen  (30),  the  interambulacrum  of  which  is  reproduced  in  plate 
6,  figure  34,  we  find  still  further  confirmation  of  the  fact  that  the  method 
of  plate  arrangement  in  Oligoporus  is  like  that  of  Melonites.  This  figure 
of  Oligoporus,  it  should  be  stated,  is  the  only  one  previously  published  of 
any  species  in  the  family  which  at  all  adequately  represents  the  method 
of  plate  arrangement  and  the  introduction  of  new  columns.  Rather  curi- 
ously the  authors,  while  giving  such  an  excellent  figure,  did  not  in  their 
text  make  any  mention  of  this  arrangement ;  also,  as  published  by  them, 
this  figure  was  inverted,  with  what  we  now  know  to  be  the  ventral  border 
uppermost.  This  is  not  at  all  strange,  as  the  specimen  did  not  show 
genital  or  ocular  plates,  which  would  have  indicated  the  correct  orien- 
tation, and  deducting  orientation  from  plate  arrangement  as  here  de- 
scribed was  unknown.  The  figure  as  here  published  is  modified  from 
the  original  figure  by  omitting  ambulacral  plates,  introducing  letters, 
numbers  and  dotted  lines  to  accentuate  columns,  and  reversing  the  orien- 
tation in  accordance  with  the  new  view. 

Mr  Jaggar,  in  his  studies  of  the  interambulacrum  of  Melonites  mvltiporus 
(plate  3,  figure  12)  compared  the  plate  arrangement  in  that  specimen 
with  that  of  this  figure  of  Oligoporus  danse;  therefore  the  comparison  as 
described  should  be  credited  to  him.  This  figure  at  the  ventral  border 
has  a  row  representing  5  columns  of  plates,  below  which  area  it  is  not 
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preserved ;  but  the  columns  are  numbered  1  to  5  to  cortespond  with  their 
usual  relative  positions.  In  the  second  row  a  new  column  is  introduced 
by  the  pentagon  6.  Column  6  at  its  origin  has  2  columns  on  the  left  and 
3  on  the  right,  as  in  Meloniiea  muUiporua  (plate  2,  figure  2,  area  G).  It  is 
therefore  a  left-handed  series.  The  seventh  column  starts  in  the  third 
row  above  pentagon  6  in  pentagon  7,  which  has  a  heptagonal  plate,  H, 
on  its  right  border.  Column  7  at  its  point  of  origin  has  an  equal  num- 
ber of  columns  on  either  side,  as  usual.  In  the  fourth  row  above  pen- 
tagon 7  the  eighth  column  originates  in  pentagon  8,  with  a  heptagon,  E, 
on  its  left.  This  column  at  its  origin  has  4  columns  on  the  left  and  3  on 
the  right.  The  ninth  and  last  column  originates  in  pentagon  9  in  the 
eighth  row  above  pentagon  8.  Pentagon  9  has  a  heptagonal  plate,  H, 
on  its  right  border  and  has  4  columns  on  either  side.  This  last  ninth 
series  completes  the  number  of  columns,  no  more  than  9  being  known 
in  the  species. 

Comparing  these  two  specimens  of  Oligoporvs  danss  (plate  6,  figures  31 
and  34),  it  is  seen  that  the  method  of  plate  arrangement  and  introduc- 
tion is  exactly  the  same  as  that  traced  in  the  genus  Melonitea.  The  sim- 
ilarity is  in  the  terminal  pentagons  with  adjacent  heptagons,  the  number 
of  columns  on  the  left  and  right  of  newly  introduced  columns,  and  the 
passage  of  plates  dorsally  into  the  rhombic  form  characteristic  of  newly 
introduced  plates.  Meek  and  Worthen's  figure  corresponds  to  the  ideal 
method  of  plate  arrangement,  except  in  having  column  6  one  row  too 
far  to  the  left.  The  other  specimen  shows  no  more  variations  than  are 
just  what  might  be  met  with  in  Mdoniies  midtiporvs, 

Oligoportbs  iwbilis,  Meek  and  Worthen  (31),  as  figured  by  the  authors, 
does  not  show  indications  of  the  method  of  introduction  of  plates,  but 
in  the  text  we  find  the  statement  that  the  interambulacra  are  '^  •  .  . 
composed  of  five  rows  [columns]  of  large  plates,  all  of  which  extend  to 
the  disc  above,  while  the  middle  one  ends  [begins]  within  about  0.65 
inch  of  the  oral  opening  below."  This  was  evidently  correctly  oriented 
by  Meek  and  Worthen,  as  the  genital  plates  are  described.  Therefore 
this  species  as  Oligoporvs  danie  increased  the  number  of  columns  as  it 
grew  dorsally.  Its  fifth  column  is  acquired  very  early,  but  not  earlier 
than  in  Melonitea  giganteua  (plate  5,  figure  21),  where  it  begins  close  to  the 
oral  area.  This  species,  Oligoporus  nobUiSy  in  the  whole  length  of  the 
figure  published,  does  not  show  the  addition  of  any  new  columns,  which 
would  have  been  figured,  I  am  confident,  had  they  existed,  as  Meek's 
drawings  of  Palaeechini  are  among  the  most  accurate  met  with.  This 
length  is  a  distance  represented  by  the  introduction  of  21  rows  of  plates 
and  is  a  greater  number  of  rows  built  without  additional  intercalated 
columns  of  any  species  of  Palaeechini  seen.  Spine  bosses  of  Oligoporui 
nobilia  are  shown  in  plate  6,  figure  35. 
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The  above  described  specimens  of  the  genus  Oligopoms,  while  not  nu- 
merous in  individuals  observed,  are  sufficient  to  make  a  fair  relative  com- 
parison with  the  genus  Melonites,    The  relations  of  the  ambulacra  have 
already  been  described  in  the  two  genera  under  the  consideration  of  OH- 
goporm  coreyi  (page  191).  The  ambulacra  of  Oligoporuahegin  ventrally  as  2 
columns  of  plates,  and  proceeding  dorsally  these  2  become  4  by  the  pull- 
ing apart  of  one  row  on  each  side  to  make  2.    Melonites  has  4  columns  of 
ambulacra  at  the  ventral  border,  like  adult  Oligopoms,  and  these  increase 
by  the  addition  of  new  columns  during  progressive  growth  of  the  in- 
dividual to  10  columns  in  Melonites  mvitiporus,  Norwood  and  Owen  ;  12 
in  M.  gigarUeus,  Jackson  and  12,  or  14,  in  M.  etheridgii.  Keeping  (21). 
There  are  4  columns  of  ambulacra  in  Oligoporus  in  all  the  species.    In 
the  feature  of  ambulacral  areas  Oligoporus  is  therefore  distinctly  more 
primitive  in  the  scale  of  organization  than  Melonites.    In  the  interambu- 
lacra  there  is  a  pro«?ressive  development  in  both  genera  from  two  col- 
umns represented  by  two  plates  at  the  ventral  border  to  many  columns 
in  the  adult.    Therefore  those  species  with  few  columns  are  obviously 
more  primitive  in  organization  in  this  respect  than  species  with  many 
columns.    The  number  of  columns  in  the  interambulacra  of  Oligoporus 
varies  from  4,  as  described  in  0,  beUulus^  Miller  and  Gurlej^  (34),  and  5 
in  0.  nobilisy  M.  and  W.,  to  6  in  0.  blairi^  Miller  and  Gurley  (34),  and 
0  coreyi,  M.  and  W.,  and  finally  9  in  0.  danae,  M.  and  W.     In  Melonites  the 
columns  of  interambulacra  vary  in  species  from  4  in  M,  dispar,  (Fischer) 
(12)  to  5  in  M  crassus,  Hambach  (18),  to  6  in  M.  indianensis,  Miller  and 
(iuriey  (34)  ;  7  in  M.  septenarius,  Whitfield ;  7  to  8  or  9  in  M,  muUiporu^, 
Norwood  and  Owen,  and  finally  11  in  ilf.  giganteus,  Jackson.    Species  of 
Oligoporus,  then,  have  from  4  to  9  columns  of  interambulacra,  and  species 
of  Melonites  have  from  4  to  11  columns.    Therefore  the  sum  of  the  species 
of  Oligoporus^  as  compared  with  the  sum  of  the  species  of  Melonite^^  shows 
that  in  regard  to  the  interambulacra,  as  well  as  the  ambulacra,  Oligoporus 
is  more  primitive  as  a  genus  than  Melonites, 

Both  Oligoporus  and  Melonites  in  their  development  progressively  in- 
crease from  2  and  doubtless  earlier  from  1  interambulacral  plate  in  the 
young  to  many  columns  in  the  adult,  which  indicates  a  common  ancestor 
with  one  and  intermediate  common  ancestors  with  few  columns  in  the 
adult.  Accepting  this,  Melonites  should  be  considered  a  further  remove 
from  the  primitive  than  Oligoporus,  because  its  species  acquire  more 
columns  of  plates.  Species  with  few  columns  of  plates  may  be  consid- 
ered more  primitive,  other  things  being  equal,  because  they  represent  in 
the  adult  condition,  stages  passed  through  in  their  development  by  those 
species  having  a  larger  number  of  columns  in  the  adult. 
It  seems  that  Melonites  may  be  considered  the  extreme  genus  of  the 
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Melonitidse,  because  the  species  as  a  whole  and  some  individually  are 
farthest  removed  from  the  primitive  in  the  direct  line  of  variation  of  the 
group.  It  may  also  be  considered  the  most  extreme  known  form  of 
Palseechini  in  the  line  of  plate  multiplication,  having  in  both  ambulacra 
and  interambulacra  more  columns  of  plates  than  any  other  genus  * 

The  systematic  intercalation  of  new  columns  during  growth  necessarily 
renders  the  number  of  columns  a  somewhat  unsafe  specific  character 
where  the  description  is  based  on  imperfect  materials,  for  a  more  com- 
plete specimen  might  show  that  higher  up  more  than  the  supposed  num- 
ber of  columns  existed ;  also,  as  new  columns  were  added  during  the 
development  of  the  individual  and  mark  stages  in  growth,  the  number  of 
columns  is  a  criterion  not  of  specific  differentiation  only,  but  of  age  as 
well  t  (see  page  188). 

Consideration  of  Rhobchinus  and  Paljbbchinus. 

notes  on  barlibr  studies. 

The  genus  Rhoeehimi^  was  founded  by  W.  Keeping  (22)  for  a  single 
species,  R.  irregularis^  W.  Keeping.  Dr  Duncan  (8)  in  a  critical  study  of 
ambulacral  areas  of  Palieechinvbs  divided  that  genus.  He  transferred  to 
the  genus  Rhoechinm  those  species  which  have  but  one  vertical  row  of 
pores  in  each  half  ambulacrum,  as  R,  {Palseechimis)  gracilis  (plate  7, 
figure  37)  and  R.  (^Pcdssechinus)  degans  (plate  7,  figure  40).  In  the  older 
genus,  Palseechintbs  pars,  M'Coy,  he  retained  those  species  which  have 
a  double  vertical  row  of  pairs  of  pores  in  each  half  ambulacrum,  as  in 
Palasechinus  gigas  (plate  7,  figure  39). J 

This  division  of  the  genus  PalsRechiwus  is  most  satisfactory  and  is  in 
accordance  with  the  relations  expressed  in  the  progressive  development 
of  ambulacral  plates  in  the  Melonitidfie  (figure  1,  page  191).  While  Dr 
Duncan  considers  this  difference  of  the  two  genera,  he  does  not  state  the 
fact  that  on  account  of  this  difference  Rhoechinus  is  more  simple  in  its 
structure  and  Palseechinus  is  more  specialized,  having  made  first  steps  in 
the  line  of  increase  of  ambulacral  columns  of  plates. 

I  cannot  agree  with  Dr  Duncan  (9)  in  putting  Rhoechinus  and  Palx- 
echinus  in  the  family  Archeeocidaridse.  The  fact  of  two  columns  of  ambu- 
lacral plates  in  each  area  seems  insufficient  evidence  for  such  grouping 

*  in  one  species,  Lepidt$tKet  eoUUi  White  (41),  this  number  of  ambalacral  plutes  is  exceeded,  for 
this  species  has  eighteen,  and  perhaps  twenty,  colamns  of  ambulacral  plates  according  to  Whit«. 

t  This  is  opposed  to  Mensrs  Miller  and  Ourley's  view.    See  page  138. 

X  I  would  state  that  I  had  independently  arrived  at  the  same  conclusion  In  regard  to  the  ambn- 
lacral  plates  in  M'Goy's  old  genus  PaloBechinut  as  Dr  Duncan.  In  fact,  the  manuscript  was  writtea 
for  the  succeeding  sections,  describing  Rhoechinut  and  Palaatehinut^  and  all  accompanying  figures 
were  drawn  before  seeing  his  paper.  Practically  the  only  changes  introduced  are  the  sulMtitutioa 
of  Rhoeehinut  for  Palaeechinut  where  that  name  applies. 
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when  the  sum  of  the  characters  of  both  genera  link  them  closely  with 
Oligoponta  and  Melonites  as  members  of  the  Melonitidse.  The  whole  de- 
velopment and  structural  details  of  the  several  genera  bear  out  this  con- 
clusion and  as  distinctly  remove  them  from  the  Archseocidaridfle.  In  his 
liaper  Dr  Duncan  (8)  gives  a  list  of  the  species  to  be  included  in  Rho- 
echinus  and  Palseechinus^  which  list  has  been  followed  for  these  genera  in 
the  systematic  classification  of  Paleozoic  Echini  (table  facing  page  242). 

STRUCTURE  AND  PLATE  ARRANGEMENT  OP  RH0ECHINU8  ORACILIS. 

The  species  Kkoechinus  ffracUiSy  (M.  and  W.),  Duncan,  as  described 
by  the  authors  (31),  was  from  the  Burlington  limestone  of  Burlington, 
Iowa,  The  type  specimen  consisted  of  portions  of  two  interambulacral 
and  an  included  ambulacral  area.  It  was  incomplete  dorsally  and  ven- 
trally,  and  the  figure  was  incorrectly  oriented,  as  ascertained  by  the 
position  of  the  terminal  pentagonal  plate  of  column  7  and  its  adjacent 
heptagon.  In  the  Student  Geological  Collection  of  Harvard  University 
there  are  two  specimens  of  Rhoechimis  gracilw  which  are  very  well  pre- 
served. The  specimens  (catalogue  number  115)  are  in  a  single  small 
slab  of  sandstone  from  the  Waverly  group,  collected  by  A.  R.  Crandall^ 
on  Beaver  creek,  one  mile  above  the  mouth  of  Leatherwood  creek,  Menifer 
county,  Kentucky.  Though  the  specimens  are  from  a  formation  just 
below  the  Burlington  group,  where  the  original  material  was  collected,  I 
gee  no  evidence  in  the  fossils  for  ascribing  them  to  another  species.  The 
specimen  figured  (plate  7,  figure  36)  is  a  sandstone  cast  of  the  exterior 
of  the  test,  but  viewed  from  the  interior.  The  original  curved  form  of 
the  test  is  retained  in  considerable  degree,  so  that  the  genital  ring  is  in 
the  center  of  a  quite  deep  depression  in  the  rock.  The  lettering  of  areas 
ig  reversed  from  what  it  would  be  if  the  specimen  were  viewed  from  the 
outside,  but  this  makes  little  confusion  in  studying  the  specimen. 

The  original  specimen  of  the  species  showed  but  7  columns  of  inter- 
ambulacral plates,  but  it  was  fragmentary,  and  would  probably  have 
shown  the  addition  of  one  more  column  had  it  been  perfect  at  the  dorsal 
area.  In  the  specimen  here  figured  in  all  the  interambulacral  areas  there 
are  8  columns  of  plates,  and  one  of  the  areas  exceeds  that  number,  attain- 
in;^  9  columns.  Interambulacrum  A  is  the  most  perfect  one.  On  its 
ventral  border,  as  far  as  preserved,  it  has  a  row  of  5  plates,  indicating  but 
5  columns  at  this  level.  In  the  next  row  from  the  base  a  sixth  column 
i"!  introduced  by  the  terminal  pentagon  6.  This  column  at  its  origin  has 
2  columns  on  the  left  and  3  on  the  right,  which,  when  reversed,  as  it 
must  be  for  comparison  with  the  outside,  is  seen  to  be  the  usual  position 
for  this  column.  In  the  second  row  above  pentagon  6,  column  7  is  in- 
troduced by  the  pentagon  number  7,  with  an  equal  number  of  columns 
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on  either  side  and  a  heptagonal  plate  on  the  left  (right  as  viewed  from 
without).  Six  rows  above  pentagon  7  the  eighth  column  is  introduced 
by  pentagon  8,  with  a  heptagonal  plate  on  its  right.  Column  8  has  S 
columns  on  the  left  and  4  on  the  right,  these  and  the  heptagonal  plate 
being  in  the  correct  position  when  reversed  for  viewing  from  the  outside. 
Ambulacrum  B^  as  the  other  ambulacral  areas,  has  crenulations  on  the 
sides  of  the  area  and  a  median  crenulation  corresponding  to  the  outer 
and  median  borders  of  two  columns  of  low  ambulacral  plates.  On  ac- 
count of  the  small  size  of  the  ambulacral  plates  and  the  relative  coarse- 
ness of  the  sandstone  cast,  the  outlines  of  the  plates  cannot  be  further 
determined,  but  they  are  indicated  by  restoration  in  the  dotted  lines  con. 
necting  the  crenulations  in  ambulacrum  J.  On  account  of  the  condition 
of  preservation,  I  could  not  say  whether  or  not  the  plates  of  each  half 
ambulacrum  lapped  over  one  another.  Meek  and  Worthen's  figure  of 
the  species,  however,  cited  above  and  here  copied  in  plate  7,  figure  37, 
shows  the  ambulacral  plates  slightly  overlapping,  much  as  in  Rhoechinus 
elegansXplsiie  7,  figure  40).  Interambulacrum  Cat  the  lower  border,  as 
far  as  preserved,  has  7  plates,  representing  7  columns.  The  eighth  column 
is  introduced  by  pentagon  8,  with  a  heptagonal  plate  on  its  right 
Column  8  at  its  origin  has  3  columns  on  the  left  and  4  on  the  right.  This 
relation  and  the  position  of  the  heptagon  are  normal  when  reversed  for 
comparison  with  an  outside  view  of  the  area.  Area  Chas  a  ninth  column 
introduced  by  pentagon  9,  with  a  heptagon  on  the  left  (right  as  viewed 
from  without)  and  4  columns  on  either  side.  This  ninth  column  is  prob- 
ably to  be  considered  an  exceptional  addition.  No  species  of  Rhoechinus 
has  previously  been  described  as  having  9  columns.  In  interambu- 
lacrum E  there  is  a  row  of  7  plates  on  the  ventral  border  as  far  as  pre- 
served. The  eighth  column  is  introduced  by  pentagon  8,  with  4  columns 
on  the  left  and  3  on  the  right  (the  incorrect  position  when  reversed  for 
comparison  with  the  outside).  Next  to  pentagon  8,  on  the  left,  is  an 
octagonal  plate,  0,  corresponding  to  a  heptagonal  plate  (and  in  the  incor- 
rect position  when  reversed  for  comparison  with  the  outside).  A  hep- 
tagonal plate  exists  at  0\  and  two  tetragonal  plates  oi  T  T;  also  a  hep- 
tagonal plate  exists  at  H.  The  angles  of  these  plates  compensate  in  part 
for  the  want  of  one  side  in  pentagon  8  and  the  want  of  two  sides  in 
tetragons  Tand  T,  A  similar  compensation  ofsides  is  seen  around  pen- 
tagon 9  in  Melonites  giganteus  (plate  6,  figure  21).  Interambulacrum  G 
has  a  row  of  7  plates  on  the  ventral  border  as  far  as  preserved.  The 
eighth  column  is  introduced  by  pentagon  8  with  a  heptagon  on  its  right 
and  with  3  columns  on  the  left  and  4  on  the  right,  the  normal  position 
when  reversed  for  comparison  with  the  outside.  Interambulacrum  /is 
similar  to  G,  except  that  column  8  and  its  adjacent  heptagon  are  one 
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column  too  far  to  the  left  when  reversed  for  comparison  with  the  outside 
The  seventh  column  of  area  /  near  the  dorsal  border  is  discontinuous  in 
one  row  where  two  plates,  H  H,  of  columns  5  and  8  come  in  contact.  The 
plates  of  column  7  are  modified  into  pentagons  of  alternately  opposite 
position  above  and  below  the  two  heptagons.  No  other  case  of  a  break 
just  like  this  has  been  seen  (see  page  194). 

At  the  dorsal  border  the  outlines  of  5  genital  and  2  ocular  plates  are 
more  or  less  visible.  The  genitals  are  large  and  similar  to  the  genitals  of 
PdxechinuB^  as  figured  by  Bailey  (5).  Pores  exist  in  these  plates  of  JRAoc- 
chinm  gracilis,  but  they  are  too  irregular  and  poorly  preserved  to  have 
value  s^ttached  to  their  number.  The  oculars  are  not  well  diflPerentiated. 
They  apparently  reach  to  the  periproct.  The  plates  of  the  interambu- 
lacra  in  the  dorsal  portion  assume  a  more  or  less  rhombic  form,  as  de- 
scribed in  Meloniies  (plate  3,  figure  13),  and  Oligoporus,  so  that  here  again 
this  is  the  character  of  newly  added  plates. 

The  outlines  of  plates  in  the  cast  are  represented  by  comparatively 
thick  ridges,  corresponding  to  the  spaces  between  the  plates.  The  ridges 
are  thicker  than  the  spaces  between  the  plates  could  have  been,  and  this 
is  ascribed  to  enlargement  from  semiferruginous  accumulation,  just  as  in 
Oligoporus  dansR  (plate  6,  figure  33)  a  similar  enlargement  is  caused  by 
silicification.  Each  of  the  interambulacral  plates  has  a  number  of  papil- 
lose projections,  evidently  corresponding  to  the  position  of  spine  bosses, 
as  shown  in  interambulacrum  /.  As  the  specimen  is  a  cast  of  the  out- 
side, spine  bosses  should  be  depressions,  not  elevations.  The  reason  of 
the  elevation  of  these  areas  is  not  understood.  The  spine  tubercles  of 
Rhoechinus,  as  other  members  of  the  Melonitidx,  are  imperforate,  not 
perforated,  as  in  Ciddris,  etcetera.  These  elevations  therefore  cannot  be 
considered  as  enlarged  casts  of  the  pores  of  tubercles,  as  has  been  sug- 
gested. The  width  of  the  ambulacra  at  the  widest  part  is  5  millimeters, 
that  of  the  interambulacra  at  the  same  horizon  is  14  millimeters. 

We  have,  then,  in  Rhoechinus  the  same  method  of  arrangement  of  plates 
and  introduction  of  columns  as  has  been  previously  described  in  Mdo- 
niTesand  Oligoporus, 

NOTES  ON  RHOECHINUS  BURLING TONENSIS, 

Only  two  species  of  Rhoechinus  have  been  described  from  American 
formations — one,  R.  gracilia,  which  has  just  been  considered,  and  another, 
Rhoechinus  burlingtonenais,  (Meek  and  Worthen)  (30).  Both  species  were 
described  under  the  genus  Palxechinua.  This  latter  species  is  from  the 
Burlington  limestone,  Burlington,  Iowa.  The  species  was  described  by 
the  authors  from  a  specimen  which  showed  the  median  portion  of  3  inter- 
ambulacral and  2  ambulacral  areas.    It  was  incomplete  dorsally  and  ven* 
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trally ,  and  the  pablished  figure  was  incorrectly  oriented,  as  ascertained  by 
the  introduction  of  the  fourth  column  in  the  middle  interambulacrum. 
The  type  is  in  the  Worthen  collection  at  the  University  of  Illinois,  at 
Urbana,  Illinois  (see  foot-note,  page  136).  As  figured  it  showed  but  4 
columns  of  interambulacral  plates,  being  only  a  portion  of  a  test,  but,  as 
the  authors  say,  it  would  very  probably  have  had  more  columns  if  more 
completely  preserved.  In  the  Museum  of  Comparative  Zoology  there  is 
a  specimen  of  Rhoechinvs  burlingtonensis  (catalogue  number  3009)  from 
the  same  horizon  and  locality  as  the  type.  Besides  other  portions  of  the 
test,  this  specimen  has  one  interambulacrum  nearly  entire,  and  this 
area  in  the  upper  portion  has  6  columns  of  plates,  showing  that  Meek 
and  Worthen  were  correct  in  supposing  that  the  species  might  have  more 
than  4  columns  of  plates. 

The  plates  of  the  ambulacrum  of  the  Cambridge  specimen  consist  of 
two  columns,  each  of  which  is  continuous  across  its  own  half  area,  as 
shown  by  Meek  and  Worthen's  figure.  The  species  therefore  distinctlj 
belongs  to  the  genus  Rhoechinus^  as  emended  by  Duncan  (8). 

OBSBRVATIONS  ON  PAL^ECHINUS  QIGA8  AND  RHOECHINUS  SLBOANS. 

No  species  of  the  true  genus  Palseechinvs  as  emended  by  Dr  Duncan 
has  so  far  been  discovered  in  America. 

Mr  T.  A.  Jaggar  recently  saw  in  London,  at  the  Geological  Museum  in 
Jenny  n  street,  a  specimen  of  Palacchimjis  gigns,  M'Coy.  By  the  kindness 
of  Dr  E.  T.  Newton  he  had  an  opportunity  to  study  the  specimen,  which  is 
from  the  Carboniferous  of  Clitheroe,  Lancashire.  On  plate  7,  figures  38 
and  39,  are  reproductions  of  Mr  Jaggar's  drawings,  for  which  I  am  in- 
debted to  him. 

The  interambulacrum  of  this  species  is  described  as  having  6  columns 
of  plates,  and  such  are  shown  in  M'Coy's  (28)  original  figure,  which  does 
not,  however,  show  the  method  of  introduction  of  new  columns.  At  the 
ventral  border  of  this  specimen  (plate  7,  figure  38)  we  see  the  initial  be- 
ginning of  the  fifth  column  in  pentagon  5.  Plates  below  this  area  are 
not  preserved,  but  they  would  evidently  below  pentagon  5  consist  of  a 
row  of  4  plates,  which  would  be  members  of  columns  1,  3,  4  and  2  (the 
last  column,  2,  in  the  figure  is  a  restoration,  as  indicated  by  dotted  lines). 
In  the  second  row  above  pentagon  5,  the  sixth  column  is  introduced  hy 
pentagon  6,  with  a  heptagonal  plate,  H,  on  its  left  ventral  border.  The 
position  of  columns  5  and  6  and  the  position  of  the  heptagonal  plate  are 
normal,  according  to  the  ideal  method  of  arrangement  as  worked  out  for 
Melonitea.  After  the  sixth  no  more  columns  are  introduced  in  this  species. 
It  is  to  be  observed  that  these  6  columns  were  introduced  relatively  very 
early  in  the  life  of  the  individual,  so  that  when  quite  young  it  had  at- 
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tained  the  maximum  number  of  interambulacral  columns,  and  during 
later  growth  only  new  rows  were  added  to  the  columns  already  existent. 
A  similar  condition  of  early  attaining  the  full  number  of  columns  exists  in 
Oligoporus  nobilu^  as  figured  by  Meek  and  Worthen  (31),  and  an  approach 
to  this  condition  is  seen  in  Oligoporus  corey^i  (plate  6,  figure  28).  Most 
Pal^eechini,  on  the  contrary,  are  less  accelerated  in  their  development 
and  do  not  attain  the  full  number  of  columns  until  much  later  in  life, 
as  shown  in  this  paper  in  Mdonites^  Oligopoi^us  danse,  Pholidocidams^  Lepi- 
dechinus  and  other  genera. 

The  ambulacral  area  of  PalsRechinuB  gigas  (plate  7,  figure  39)  is  inter- 
esting for  comparison  with  other  species  of  its  genus  and  also  with  the 
genus  Oligoporm,  M'Coy's  (28)  figures  of  the  ambulacrum  of  this  species 
show  4  pores  in  each  plate,  which  is  evidently  an  error.  In  each  half 
ambulacrum  the  plates  are  drawn  out  so  that  none  of  the  plates  cross  the 
area;  they  must  therefore  be  considered  as  2  columns  of  plates  b  and  b', 
each  plate  having  2  ambulacral  pores. 

In  Rhoechinus  degans^  M'Coy  we  find  a  different  type  of  ambulacrum 
from  PalseechinuSy  and  this  type  may  be  taken  as  representative  of  the 
genus.  In  a  specimen  of  Rhoechinus  elegans  from  the  Carboniferous  of 
Hook  Head,  Ireland,  in  the  Museum  of  Comparative  Zoology  (catalogue 
number  3002)  an  ambulacral  area  is  clearly  shown  (plate  7,  figure  40). 
In  this  it  is  seen  that  while  alternate  ambulacral  plates  overlap  one  an- 
other slightly  or  occasionally  entirely  on  the  outer  border,  yet  each  plate, 
or  practically  each  plate,  may  be  said  to  extend  quite  across  its  own  half 
ambulacral  area.  It  may  be  considered  as  representing  the  first  step  in 
the  change  from  a  form  of  plate  which  extends  entirely  across  its  half 
area  unmodified,  as  in  Bothrioddaris  (figure  4,  page  234),  Archaeocidaris 
and  (Maris  (plate  8,  figures  43,  48),  to  that  condition  where  each  plate 
extends  only  part  way  across  its  area,  as  in  Palseechinus  gigas  (plate  7, 
figure  39).  This  is  an  important  consideration  in  view  of  the  changes  I 
have  traced  in  the  development  of  Oligoporus  (plate  6,  figure  26),  where 
ventrally  the  plates  extend  quite  across  the  area,  and  succeeding  plates 
as  introduced  gradually  fall  short  of  this  relative  length  in  an  increasing 
degree  until  the  length  of  each  plate  is  only  half  the  total  width  of  the 
half  ambulacrum  in  which  it  is  situated  (plate  6,  figure  30).  The  ana- 
tomical and  morphological  relations  of  the  ambulacral  plates  in  these 
several  genera  is  diagrammatically  shown  in  figure  1,  page  191,  to  which 
attention  is  especially  called.  In  this  diagram  and  the  accompanying 
plates  we  see  that  columns  a  6  of  Rhoechinus  elegans  are  the  equivalent  of 
columns  a-^-a'  and  b+b'  of  Pahsechinus  gigas,  and  consequently  columns 
ft  6  of  Rhoechinus  are  the  morphological  equivalents  of  columns  a  6  at  the 
base  and  a-^a'  and  6+^'  at  the  upper  portion  of  Oligoporus  coreyi  (plate 
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6,  figure  25) ;  they  are  also  the  equivalents  of  a+a'  and  ft+6'  in  Olig(r 
porus  danss  (plate  6,  figure  30)  and  Meloniies  multiporus  (plate  2,  figure  4,      I 
and  plate  5,  figure  20). 

The  interambulacral  plates  of  Rhoechimi8  elegam  have  their  edges  in- 
clined slightly  outward,  and  the  adambulacral  plates  extend  under  the 
sides  of  the  adjacent  ambulacrals,  as  in  MdonUes  (plate  2,  figure  5)  and 
Oligoporm.  This  feature  is  doubtless  characteristic  of  the  family,  as  it  is 
existent  in  these  representative  genera. 

The  method  of  plate  arrangement  and  introduction  in  the  interambn- 
lacrum  of  Palssechinua  as  shown  above  is  seen  to  conform  to  the  laws  of 
growth  that  have  already  been  demonstrated  in  Melonites  and  Oligoporus 
in  the  earlier  part  of  this  and  the  preceding  paper. 

Studies  of  the  Lepidesthidje,  fam.  nov. 
relationships  and  characteristics, 

The  family  Lepidocentridre  is  composed  of  genera  associated  as  nearest 
allies  with  the  family  Archseocidaridffi,  but  separated  by  strongly  imbri- 
cating plates  and  other  features.  In  the  genera  Lepidesthes  and  Pholi- 
docidaria  we  have  another  group  of  types  also  characterized  by  imbricat- 
ing plates.  The  species  of  these  genera  all  have  6  or  more  columns  of 
ambulacral  plates  in  each  area,  and  this  feature  allies  them  with  the 
Melonitidae.  In  fact,  they  have  always  been  included  in  this  family. 
These  genera,  however,  have  characters  which  distinguish  them  as  a 
group  by  themselves,  and  a  separate  family  is  therefore  founded  for  their 
reception. 

The  Lepidesthidse,  fam.  nov.,  is  named  from  Lepidesthes,  which  genus 
is  the  least  aberrant  and  is  represented  by  the  largest  number  of  species  of 
either  included  genus.  The  family  is  characterized  (see  systematic  class- 
ification facing  page  242)  by  having  from  6  to  10,  and  in  one  species  18  or 
perhaps  20,  columns  of  ambulacral  plates  in  each  area.  The  interambu- 
lacral areas  of  the  2  genera  and  several  species  have  from  3  to  6  columns 
of  plates,  though  this  number  is  likely  to  be  increased  by  more  perfect 
specimens  or  perhaps  new  species.  The  peristome  is  small  with  no  in- 
terambulacral plates  resorbed,  as  known  in  Pholidocidaris  (figure  54, 
plate  9)  from  observation,  and  known  in  Lepidesthes  from  Meek  and 
Worthen's  description  of  L,  coreyi.^  One  unusual  feature  is  characteristic 
of  the  genera  of  this  family,  that  the  pores  occupy  a  position  in  the  center 

*Thl8  chftracter  is  peculiar  to  sereral  aberrant  xroiips  of  Echini  (as  discussed  later  on  (m^ 
237),  being  a  feature  of  the  Lepidocentridra  {Lepideekinus^  plate  7.  figure  42)  and  the  Eiocyclica 
as  well  as  the  present  family.  It  is  characteristic  of  the  young  of  all  Echini,  and  therefore  is  to  be 
considered  a  primitive  character  and  probably  retrogressive  in  aberrant  types. 
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of  the  ambulacral  plates  instead  of  being  in  the  outer  portion  of  the  plates 
as  in  most  Paleozoic  Echini. 

Two  genera  are  included  at  present  in  this  family,  Lepidesthe^,  which 
is  the  least  specialized  in  the  peculiar  line  of  variation  of  the  family,  and 
therefore  is  to  be  considered  the  most  primitive.  Hyboechinus  was  de- 
scribed as  a  separate  genus  by  Worthen  and  Miller  (42),  but  from  meager 
and  somewhat  doubtful  material.  The  single  known  species,  H,  specta- 
bilis,  is  included  in  the  genus  Lepideathes  by  Keyes  in  his  Synopsis  (24), 
and  under  the  circumstances  we  would  prefer  to  leave  it  there.  The 
type  of  Hyboechinus  apectabilis  is  in  the  Illinois  State  Museum  at  Spring- 
field, Illinois.*  The  second  certain  genus  of  this  family  is  Pholidocidaris ^ 
which  is  the  more  aberrant  genus  on  account  of  the  irregularity  of  its 
ambulacral  and  interambulacral  plates. 

DESCRIPTION  OF  LEPIDESTHES  WORTHENI,  SP.  NOV. 

Plate  9,  fipire  53. 

ITiis  species,  which  is  named  for  Professor  A.  H.  Worthen  in  consid- 
eration of  his  work  on  American  Paleozoic  Echini,  is  represented  by  a 
single  specimen  in  the  Boston  Society  of  Natural  History,  catalogue 
number  11601,  and  I  am  indebted  to  the  kind  interest  of  Miss  I.  L.  John- 
son, who  called  my  attention  to  it.  The  specimen  has  the  original  cal- 
careous plates,  and  as  known  from  associated  fossils  (Platycrinus  hemi- 
sphericus,  M.  and  W.  and  Scaphiocrinus  depresmis,  M.  and  W.)  is  from  the 
Keokuk  group  of  the  Subcarboniferous.  The  locality  is  not  known,  but 
the  fossils  were  in  a  blue  or  grayish  and  gritty  clay,  which  corresponds 
with  the  fine  and  occasional  coarser  matrix  of  material  from  Crawfords- 
ville,  Indiana.  The  specimen  is  probably  from  this  or  a  neighboring 
localitv. 

The  specimen,  plate  9,  figure  53,  is  flattened  by  crushing.  On  the  op- 
posite side  from  that  figured  dental  pyramids  are  shown  at  the  oral  end, 
and  these  serve  to  orient  the  axes.  The  height  is  3.6  centimeters ;  width, 
2.7  centimeters.  The  ambulacra  at  the  ambitus  measure  0.9  of  a  centi- 
meter in  width;  the  interambulacra  measure  from  0.5  to  0.6  of  a  centi- 
meter in  width.  The  clearest  ambulacral  area,  B,  is  shown  in  the  figure, 
plate  9,  figure  53.  There  are  seven  to  eight  columns  of  ambulacral 
plates.  Eight  may  be  counted  at  the  ambitus  in  one  horizontal  plane. 
The  plates  are  subhexagonal  in  outline,  or  near  the  dorsal  area,  nearly  or 
quite  tetragonal.  They  are  very  regular  in  form  and  arrangement,  and 
each  plate  is  perforated  by  two  pores  situated  in  the  middle  of  the  plate. 
At  the  ventral  border  of  the  ambulacrum  only  four  columns  of  plates 
exist,  as  shown  by  the  figure  in  area  B.    These  plates  differ  from  those  in 

*A8  I  am  informed  by  Mr  Wm.  F.  E.  Gurley,  htate  geologist  of  niinois. 
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the  upper  portion  of  the  test  in  being  distinctly  hexagonal  instead  of  sub- 
hexagonal  or  tetragonal  in  form ;  they  also  differ  in  being  more  drawn 
out  in  the  horizontal  axis.  The  plates  of  this  ventral  portion  of  Lefn- 
desthea  are  closely  like  the  plates  of  the  ventral  border  of  Mdonites  mvlU' 
porus^  plate  2,  figure  3,  the  similarity  being  in  the  number  of  columns 
and  the  outline  of  the  individual  plates.  This  is  a  very  important  fact 
in  view  of  the  systematic  relations  of  the  genera.  The  passage  from  the 
four  columns  at  the  base  to  the  eight  columns  seen  higher  up  is  hidden 
by  local  imperfections  of  the  specimen.  There  are  about  two  plates  op- 
posite each  interambulacral  plate. 

The  clearest  interambulacrum,  which  is  area  A  of  our  figure,  consists 
of  three  columns  of  plates  at  the  ambitus  and  throughout  the  greater 
part  of  its  length.  At  the  ventral  portion,  however,  a  fourth  column 
exists.  In  area  0  the  fourth  column  is  clearly  defined  and  terminates 
dorsally  in  a  plate  A^  above  which  it  could  not  be  traced.  This  fourth 
column  exists  for  such  a  brief  period  it  seems  reasonable  to  say  that  three 
columns  is  the  preponderant  feature  of  the  species.  It  is  an  unusual 
feature  not  seen  in  any  other  species  of  Palaeozoic  Echini  for  the  greatest 
number  of  interambulacral  columns  to  exist  so  close  to  the  ventral 
border  and  then  one  to  drop  out  (see  page  150).  It  might  be  questioned 
whether  this  is  the  ventral  end  except  for  the  presence  of  buccal  pyra- 
mids which  are  clearly  seen  on  the  other  side  of  the  specimen  and  are 
just  visible  as  two  projecting  points,  D  D,  on  the  side  which  is  figured. 
The  structure  of  ambulacrum  B  also  serves  to  orient  the  axes.  The  two 
outer  columns  of  interambulacral  plates  are  nearly  or  quite  hexagonal, 
not  pentagonal  as  in  Mdonites  ;  the  plates  of  the  median  column  are  also 
hexagonal.  Most  of  the  plates  are  worn  so  that  they  do  not  show  sur- 
face ornamentation ;  but  at  the  ventral  portion  of  interambulacrum  C 
the  plates  are  marked  by  somewhat  obscure  and  very  slight  spine  bosses, 
all  of  one  kind  and  scattered  evenly  over  the  surface  of  the  plates.  The 
interambulacral  plates  imbricate  aborally,  while  the  ambulacral  plates 
imbricate  also,  but  adorally. 

A  specimen  in  Yale  University  Museum  evidently  belongs  to  this 
species.  It  is  from  the  Keokuk  group,  of  Crawfordsville,  Indiana.  It  is 
of  the  same  size  and  proportions  as  the  type,  and  is  densely  clothed  with 
small  spines  about  2  millimeters  in  length.  Jaws  are  well  preserved  at 
the  oral  pole.  Another  specimen  in  Yale  University  Museum,  also  from 
Crawfordsville,  as  ascribed  to  this  species,  Lepideathes  toortheni.  It  is 
considerably  smaller  than  the  type,  measuring  only  1.3  centimeters  in 
height,  so  that  it  is  probably  a  young  one.  The  ambulacral  plates,  both 
ventrally  and  at  the  ambitus,  are  similar  to  those  shown  in  plate  9,  figure 
53,  but  only  seven  columns  were  made  out.     In  the  interambulacra  there 
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are  three  columns  of  plates.  Four  columns  are  not  visible  ventrally  as 
in  the  type.  This  differential  character  may  be  sufficient  to  base  specific 
difference  on,  but  with  present  knowledge  I  should  consider  the  speci- 
men as  Lepidedhes  toorthenu 

Lepidedkes  wortheni  in  the  form  of  the  plates  and  the  configuration  of 
the  fossil  approaches  nearest  to  Lepideathesformoms^  Miller  (33),  but  differs 
from  it  in  having  fewer  columns  of  interambulacral  plates.  It  differs 
from  other  species  of  the  genus  in  having  fewer  columns  of  both  ambu- 
lacral  and  interambulacral  plates. 

NOTES  ON  OTHER  SPECIES  OF  LEPIDESTHES, 

The  genus  Lepidesthes,  Meek  and  Worthen,  is  an  interesting  member 
of  the  Lepidesthidffi  on  account  of  being  represented  by  the  largest  num- 
ber of  species  of  any  genus  in  the  family  and  being  therefore  the  best 
known.  Meek  and  Worthen  (31)  give  a  good  figure  of  Lepidesthea  coreyiy 
M.  and  W.,  which  is  from  the  Keokuk  group  of  Crawfordsville,  Indiana. 
This  species,  which  is  the  type  of  the  genus,  is  characterized  by  10  col- 
umns of  ambulacral  plates  which  are  sub-hexagonal  and  imbricating. 
The  plates  of  the  interambulacrum  are  pentagonal  in  the  adambulacral 
columns,  otherwise  hexagonal.  Meek  and  Worthen  say  of  it  that  there 
are,  near  the  middle,  6  or  7  (rows)  columns  of  plates,  decreasing  toward 
the  extremities,  first  to  5,  then  to  4,  and  so  on  to  the  ends,  where  each 
seems  to  terminate  in  a  single  piece.  The  species  was  founded  on  a 
single  specimen  in  which  the  oral  pole  only  existed ;  therefore  from  their 
statement  we  would  gather  the  conclusion  that  the  interambulacra  orig- 
inated ventrally  in  a  single  plate,  like  Pholidocidaris  in  this  family  (plate 
^y  figure  54)  and  Lepidechinus  (plate  7,  figure  42)  of  the  Lepidocentridse, 
and  as  the  Echinus  grew  dorsally  by  addition  of  new  rows  of  plates  addi- 
tional columns  were  progressively  added  until  6  or  7  were  attained  at  the 
ambitus. 

Studying  Meek  and  Worthen's  excellent  figure  of  Lepideathea  coreyi^ 
we  find  that  the  interambulacrum  at  its  ventral  border,  as  far  as  shown, 
has  4  columns  of  plates.  A  fifth  column  is  introduced  in  the  ninth  row 
from  the  bottom  of  the  figure  by  a  pentagonal  plate,  with  a  heptagonal 
plate  on  its  left.  This  column  at  its  point  of  origin  has  3  columns  on  the 
left  and  one  on  the  right.  This  is  an  irregular  position  for  the  fifth  col- 
umn, as  odd-numbered  columns  characteristically  originate  in  a  median 
position,  with  an  equal  number  of  columns  on  either  side ;  also  the  hep- 
tagonal plate  adjoining  the  terminal  pentagon  of  odd  columns  ordinarily 
occurs  on  the  right.  These  variations,  however,  are  just  what  are  occa- 
sionally met  with  in  Mdonites,  and  for  comparison  attention  is  directed 

*Oeol.  Surrey  of  Illinoifl,  toI.  v,  plate  xrl,  figure  2. 
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to  the  tabulations  of  Melonites  multiporua  (catalogue  numbers  2992  and 
3004,  on  page  170  of  the  preceding  paper).  In  Lepidesthes  coreyi  after  the 
fifth,  a  sixth  column  is  introduced  in  the  seventh  row  by  a  pentagon* 
with  an  octagonal  plate  on  its  right  ventral  border.  Column  6  originates 
with  2  columns  on  its  left  and  three  on  its  right,  and  is  therefore  one 
column  too  far  to  the  left  according  to  the  rule  of  ideal  arrangement. 
The  fact  of  an  octagonal  plate  next  a  terminal  pentagon  is  abnormal,  but 
there  is  considerable  irregularity  in  the  plates  at  this  area,  a.s  the  plate 
below  the  octagon  which  might  have  6  sides  has  7  and  a  plate  to  the  left 
of  this  heptagon  is  pentagonal,  although  not  a  terminal  plate  of  a  column. 

Lepidesthes  formosus^  Miller,  is  represented  by  the  author  of  the  species 
(33)  by  an  especially  good  figure,  which  adds  to  the  knowledge  of 
generic  features  by  showing  genital  and  ocular  plates,  both  of  which 
are  perforated.  Miller  describes  the  ambulacral  plates  as  imbricating 
downward,  while  the  interambulacral  imbricate  upward  and  outward. 
Both  this  species  and  Lepidesthes  coreyi  also  have  the  pores  situated  in  the 
middle  rather  than  the  outer  side  of  the  ambulacral  plates.  The  pub- 
lished figure  of  Lepidesthes  jormosus  does  not  show  the  introduction  of  any 
new  columns  of  plates,  the  full  number,  5,  extending  as  far  ventrally  as 
the  specimen  is  preserved. 

Lepidesthes  coUetti,  White,  is  a  remarkable  species,  having,  according  to 
its  author  (41),  18  or  perhaps  20  rows  [columns]  of  ambulacral  plates. 
This  is  a  most  unusual  number,  no  other  echinoid  known  having  more 
than  12  or  14  columns  of  ambulacral  plates,  which  number  is  ascribed 
to  Melonites  etheridgii^  W.  Keeping  (21).  Lepidesthes  coUeUi  in  this  feature, 
then,  is  the  most  highly  specialized  species  of  all  Echini.  The  interambu- 
lacra,  however,  do  not  show  any  extravagant  development,  there  being 
only  4  or  5  columns,  as  described.  The  types  of  Lepidesthes  formosm  and 
colletti  are  in  the  private  collection  of  Mr  Wm.  F.  E.  Gurley,  of  Spring- 
field, Illinois. 

I'he  plate  arrangement  of  interambulacral  plates  of  Lepidesthes,  then, 
as  gathered  from  the  description  and  figure  of  Lepidesthes  coreyi,  agrees 
with  that  oiMelmiites,  Oligopoiiis  and  Palssechimis,  having  only  such  varia- 
tions as  have  been  already  met  with  in  Melonites. 

DESCRIPTION  OF  PHOLIDOCIDARIS  MEEK  I,  SP.  NOV, 

Plate  9,  figure  54. 

The  genus  Pholidocidaris,  Meek  and  Worthen  was  instituted  by  the 
authors  for  a  single  species  P.  irrcgrdaris,  M.  and  W.  (31).  The  type  of 
this  species  is  in  Illinois  State  Museum  at  Springfield,  Illinois  ''see  foot- 
note, page  207).  The  material  as  described  and  figured  was  limited  and 
wanting  in  some  essential  characters.     It  is  with  satisfaction,  therefore, 
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that  I  have  the  opportunity  to  describe  a  new  species  which  adds  to  the 
known  features  of  the  genus. 

PholidocidarU  meekij  sp.  nov.,  is  from  the  Keokuk  group,  Subcarbonifer- 
ous,  of  Warsaw,  Illinois.  The  single  specimen  of  the  species  is  in  the 
collections  of  the  Museum  of  Comparative  Zoology  (catalogue  number 
3070).  This  species  is  dedicated  to  the  late  Mr  F.  B.  Meek  in  recogni- 
tion of  his  important  labors  on  the  Paleozoic  Echini.  The  publications 
of  Messrs  Meek  and  Worthen  on  this  group  are  by  far  the  best  and  most 
extensive  done  in  America  and  are  equal  to  the  very  best  of  European 
works. 

The  specimen  of  Pholidocidxiris  meeki  is  in  a  limestone  matrix  and  pre- 
serves the  original  form  and  structure  of  the  plates  with  little  alteration 
save  local  distortions  due  to  fracturing.  The  specimen  is  preserved  ven- 
trally  to  the  oral  orifice  in  parts  of  the  test,  but  is  incomplete  dorsally. 
The  accompanying  figure,  which  is  life  size,  shows  the  measurements  of 
the  several  parts. 

The  plates  of  this  species,  both  ambulacral  and  interambulacral,  are 
thin,  scale-like,  very  irregular  in  form,  and  in  both  areas  imbricate  ado- 
rally.  On  account  of  the  thinness  and  strong  imbrication  of  the  plates 
the  test  must  have  been  very  flexible,  more  so  than  any  other  Paleozoic 
Echini  studied,  unless  perhaps  Leptdocentms  eifdianus^  Miiller,  which 
has  similar  thin,  strongly  imbricating  plates.  These  species  in  the  flexi- 
bility of  the  corona  must  have  borne  a  close  resemblance  to  the  modern 
genus  Aslhenomma, 

In  the  ambulacrum  6  columns  of  plates  are  certainly  existent,  and  per- 
haps 7,  but  on  account  of  local  distortions  this  higher  number  is  some- 
what uncertain.  Ventrally  at  the  border  of  the  peristome  the  number 
of  columns  of  ambulacral  plates  is  reduced  to  few,  apparently  4,  as  in 
Lepidesthfs,  but  the  exact  number  was  not  ascertained  on  account  of 
local  imperfections.  The  plates  of  the  ambulacra  are  quite  large,  very 
irregular  in  outline,  and  in  the  center  of  each  plate  is  a  raised  mammillate 
boss  surrounded  by  a  depressed  areola.  On  the  sides  of  the  boss  and 
associated  with  the  areola  are  two  quite  large  pores  in  each  plate.  A  re- 
markable feature  of  these  pores  is  the  fact  that  while  some  are  arranged 
in  a  horizontal  plane  as  compared  with  the  test  as  a  whole,  many  are 
arranged  in  an  inclined  or  even  vertical  plane.  Thus  the  angles  of  pore 
pairs  are  very  various  in  different  plates  of  the  corona.  The  same  con- 
dition of  irregular  arrangement  of  pores  may  have  existed  in  Pholidocidaris 
irregulnris;  but  the  ambulacral  plates  in  Meek  and  Worthen's  figure  (31) 
are  so  dissociated  that  the  fact,  if  so,  could  not  be  there  ascertained.  This 
irregularity  is  quite  unlike  anything  which  I  have  seen  in  other  echi- 
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noderms.  Its  nearest  analogy  perhaps  is  seen  in  Cidaris  (plate  8,  figure 
48),  where  the  pore  pairs  in  the  peristome  are  arranged  vertically,  while 
the  pore  pairs  of  the  corona  are  horizontal  in  position.  Jaekel  (20)  states 
that  the  pores  in  BothrioddarU  are  arranged  vertically  in  all  coronal  am- 
hulacral  plates,  though  this  observation  is  contrary  to  Schmidt's  (37)  (see 
our  figure  4,  page  234).  In  the  ventral  portion  of  the  specimen  of 
Pholidocidaris  are  small  ovally  rounded  ambulacral  plates  which  are  dis- 
sociated, but  apparently  belong  to  the  peristome.  No  spine  tubercles 
were  observed  on  any  ambulacral  plates,  but  their  absence  is  probably 
due  to  the  weathering  of  the  surface.* 

The  interambulacrum  of  Pholidocidaris  meehi  (plate  9,  figure  54)  orig- 
inates ventrally  in  a  single  pentagonal  plate,  1',  like  Lepidechinus  (plate  7, 
figure  42),  Gonioddaria  (figure  3,  page  234),  Slrongylocentrotvs  (plate  3, 
figure  8),  and  other  genera.  That  this  first  plate  is  the  ventral  border  of 
the  corona  we  know  from  the  presence  of  a  certain  number  of  buccal  pyra- 
mids, Z),  in  place  and  closely  related  to  the  corona.  In  the  second  row 
there  are  two  plates,  1  and  2,  which  lead  up  by  additions  to  the  two  col- 
umns of  adambulacrals,t  as  shown  in  many  other  genera  in  this  paper. 
The  third,  fourth,  fifth  and  sixth  columns  of  interambulacral  plates  are 
introduced  in  succession,  as  indicated  by  the  numbers  and  dotted  lines, 
much  as  in  Melonites  (plate  2,  figure  2),  allowing,  however,  for  the  dififer- 
ences  in  their  regular  imbricating  plates  of  Pholidoddaris, 

Comparing  the  interambulacrum  of  Pholidocidaris  (plate  9,  figure  54) 
with  that  of  Lepidocentrus  (figure  2,  page  223)  and  Lepidechinus  (plate  7, 
figure  42)  one  striking  feature  is  noticeable,  namely,  that  these  two  last 
mentioned  genera  have  a  very  accelerated  development,  the  columns  of 
plates  being  introduced  much  more  rapidly  than  in  Pholidocidaris.  It  is 
also  noticed  that  the  form  of  individual  plates,  while  irregular  in  outline 
in  all  three  genera,  is  also  different  in  the  three  genera. 

The  interambulacral  plates  of  Pholidocidaris  irregularis  as  figured,  have 
relatively  large  primary  spine  bosses,  but  these  are  situated  irregularly 
and  not  in  the  center  of  the  plates,  as  is  usual  in  primary  tubercles.  In 
addition  to  these  larger  bosses,  numerous  small  bosses  are  scattered  thickly 
over  the  surface  of  the  plates.  In  the  present  species,  P.  meeki,  the  sur- 
faces of  the  plates  are  too  much  worn  to  show  any  spine  tubercles,  ex- 
cept a  few  of  the  primary  size  (none  are  shown  in  the  figure).  These  are 
similar  in  position  to  those  in  P.  irregularis,  and  probably  the  spine  tuber- 
cles of  both  species  are  alike.    The  spines  are  tapering,  acicular,  temii- 

*Od  account  of  imperfections  of  the  specimen,  to  avoid  conftision  only  the  clearest  porticos  are 
shown  in  plate  9,  figure  54.    Some  of  the  details  described  do  not  appear  in  the  figure. 

t  Column  2  is  wanting  for  a  space  above  the  second  plate  of  its  series,  but  the  place  where  absent 
plates  should  exist  is  indicated  by  the  dotted  line.  A  misplaced  ambulacral  plate.  A,  lies  in  this 
line  where  interambulacra  should  be. 
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nating  somewhat  bluntly  distally  (probabl}-  from  erosion)  and  proximally 
enlarged,  as  usual  in  echinoid  spines. 

The  oral  region  of  the  specimen  of  Pholidocidaris  meeki  is  difficult  to 
make  out,  being  considerably  crushed  and  the  parts  not  being  sharply 
differentiated.  Buccal  pyramids  are  to  be  made  out  in  two  areas,  one  of 
which  is  shown  in  the  figure.  The  pyramids  are  in  two  halves,  united 
by  a  median  suture,  as  in  Archseoddaris  (plate  8,  figure  43),  Mehnitea  and 
modem  Echini.  They  lie  opposite  the  interambulacral  areas,  their  cor- 
rect position.  The  teeth,  which  should  occur  at  the  oral  apex  at  the  con- 
fluence of  each  pair  of  pyramids,  are  not  preserved.  Actual  teeth  have 
not  been  described,  so  far  as  I  am  aware,  in  any  Paleozoic  Echini,  though 
the  pyramids  are  known  in  several  types.  A  very  perfectly  preserved 
specimen  of  an  Aristotles  lantern  in  Yale  University  Museum  shows  the 
pyramids  with  teeth  in  place  in  their  usual  position.  This  specimen, 
which  at  present  is  not  generically  placed,  is  from  the  Keokuk  group, 
Subcarboniferous,  of  Crawfordsville,  Indiana. 

Pholidocidaria  meeki  differs  from  the  only  other  known  species  of  the 
genus  P.  irregularis,  in  having  more  definite  form  to  the  interambulacral 
plates,  they  being  more  rounded  and  almost  biscuit-shaped ;  also  larger 
in  the  latter  species.  In  P.  meeki  no  very  small  ambulacral  plates  were 
seen  in  the  corona,  such  as  are  figured  in  P.  irregularis.  The  spines  of 
both  species  are  much  alike  in  size  and  shape. 

Meek  and  Worthen  (31)  expressed  considerable  doubt  as  to  the  affini- 
ties of  Pholidocidaris ;  but,  with  this  fuller  knowledge  of  the  genus,  we 
can  have  no  hesitation  in  including  it  in  the  LepidesihidsR  as  an  aberrant 
genus.  It  has  many  features  linking  it  with  Lepidesthes,  and  yet  not 
perhaps  sufficient  difierences  to  separate  it  off  as  a  distinct  but  allied 
family,  which  would  be  the  only  other  alternative. 

Studies  of  the  ARCHiEociDARiDiE. 

STRUCTUBB  AND  PLATE  ARRANOEMENT  OF  ARCHjEOCIDARIS  WORTHENI  AND 

OTHER  SPECIES. 

The  species  of  Archaeoddarie  have  for  the  most  part  been  described 
from  dissociated  plates  and  spines,  the  genus  having  been  based  by 
M'Coy  on  such  material.  At  least  three  species,  however,  have  been 
based  on  more  perfect  material.  The  type  of  Archseoddaris  agassizii,  Hall^ 
is  in  the  Worthen  collection  at  the  University  of  Illinois,  at  Urbana, 
niinoiB  (see  foot-note,  page  136).  This  specimen  is  from  the  Burlington 
limestone,  and  as  figured  consists  of  a  fragment  of  an  interambulacrum 
with  attached  spines.  The  spines  lie  thickly  over  the  test  so  as  to  hide 
most  of  the  plates.  In  6  specimens  of  this  species  which  are  in  the  Mu- 
seum of  Comparative  Zoology  (catalogue  numbers  3032  to  3039)  the 
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fragmentary  interambulacra  are  almost  completely  covered  by  the  large, 
thickly  associated  spines.  One  of  these  specimens  (catalogue  number 
3035)  has  the  buccal  pyramids  in  place,  which  structures  have  not  been 
described  in  the  species. 

A  second  species,  Archseoddaris  drydenensU,  Vanuxem,  was  described 
first  as  Eocidaris,  then  as  Archseocidaria  by  Shumard,  and  later  as  Eoddam 
by  Hall  (17).  Dr  Duncan  (9)  considers  that  Eocidaris  is  a  synonym  of 
Oidains,  having  no  distinctive  characters ;  therefore  the  species  in  question 
cannot  be  included  in  that  genus.  The  type,  which  is  in  the  New  York 
State  Museum  at  Albany,  I  have  not  seen,  but  a  cast  of  the  type  in  the 
American  Museum  in  New  York  would  seem  to  be  referable  to  Arch^eoo" 
daris,  where  Keyes  (24)  includes  it  in  his  recent  **  Synopsis  of  Paleozoic 
Echinoids."  This  species  has  7  columns  of  interambulacral  plates,  thus 
exceeding  in  this  feature  any  other  known  species  of  the  genus.  The 
species  has  never  been  figured.* 

Another  species,  Archasocidaris  wortheni,  Hall  (15),  was  described  from 
perhaps  the  best  material  known  in  any  species  of  the  genus.  This  ma- 
terial was  in  the  Hall  collection  and  is  now  in  the  American  Museum  of 
Natural  History  in  New  York.  The  specimens,  which  are  from  the  Saint 
Louis  group,  Subcarboniferous,  of  Saint  Louis,  Missouri,  consist  of  a  large 
slab  containing  several  more  or  less  complete  individuals ;  also  several 
smaller  specimens  consisting  of  more  or  less  complete  tests,  dissociated 
plates,  jaws  and  spines.  All  the  most  complete  specimens  have  4  columns 
of  plates  in  each  interambulacral  area. 

The  best  specimen,  which  is  free  from  the  matrix,  was  figured  by  Halli 
This  specimen  is  in  a  very  fine  condition  of  preservation.  Hall's  original 
figure,  drawn  by  Meek,  shows  the  general  features,  and  additional  fea- 
tures are  shown  in  my  plate  8,  figure  43.  This  figure  is  oriented,  as  in 
Hall's  original  figure,  for  easy  comparison  when  such  is  desired.  Inter- 
ambulacrum  A  at  the  ventral  border  of  the  corona  has  a  row  of  4  plates, 
Ci  c2,  €,/.§  Plate  c  of  column  1  is  nearly  entire,  but  its  ventral  border  has 
been  partially  resorbed  by  the  encroachment  of  the  peristome  on  the 

*  It  \»  an  important  matter  of  scientiflc  information  to  know  where  the  types  of  species  aod  fif- 
ured  specimens  are  located;  therefore  in  this  paper  I  have  given  this  information  in  regard  to 
the  species  considered  when  known.  The  following  species  are  not  otherwise  mentioned,  but  it 
is  worth  recording  that  the  types  are  in  the  Illinois  State  Museum  at  Springfield,  Illinois  (see  foot- 
note, page  207).  AreheeoeidarU  edgaretms,  W.  and  M.,iUinoUeruia,  W.  and  M., spiniclawtta,  W.  and  M., 
flnd  Arehceocidaria^  sp.  undetermined,  W.  and  M.,  jaws.  (Oeologieal  Survey,  vol.  iii,  vii,  plate  xxJ, 
figure  16.)  The  types  of  the  following  species  are  in  the  Worthen  collection  at  the  Universitr  of 
Illinois,  Urhana,  Illinois  (see  foot-note,  page  136):  Arehceocidaris  keokuk.  Hall,  mueronata^  M.  and  W., 
shumardana.  Hall.  The  type  of  ArehcBoeidarU  Ugrandentu,  Miller  and  Gurley.  is  in  the  private  col- 
lection of  Wm.  F.  E.  Gurley,  at  Springfield,  Illinois. 

t  Report  of  the  Geological  Survey  of  Iowa,  vol.  i,  plate  26,  figures  4a  and  46.  Figure  4a  has  been 
frequently  reproduced  in  text-books,  as  Zittel's  and  Nicholson's  Manuals  of  Paleontology. 

g  The  ventral  plates  of  this  and  other  areas  are  only  partially  shown  in  the  original  figure. 
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Corona.     The  fact  that  it  has  been  resorbed  is  shown  by  the  position  of 
the  tubercle,  which  lies  nearer  to  the  ventral  edge,  and  also  the  fact  that 
a  line  drawn  through  the  right  and  left  apices  of  the  hexagon  does  not 
divide  the  plate  equally,  as  in  superjacent  plates,  but  falls  nearer  the 
ventral  than  the  dorsal  border.    On  account  of  the  alternation  of  position 
of  adjoining  columns  the  ventral  plate  of  column  3  is  a  small  plate,  d,  rep- 
resenting less  than  the  upper  half  of  a  hexagon,  just  as  plate  c  has  less  than 
half  of  the  lower  half  of  a  hexagon.     Plate  d  has  no  primary  spine  boss, 
it  having  been  resorbed  with  the  lower  portion  of  the  plate.    The  ventral 
plate  of  column  4  is  again  a  large,  three-quarters  plate  6,  like  plate  c ;  its 
ventral  border  has  been  considerably  resorbed  and  the  spine  boss  lies 
near  the  ventral  edge.    The  lowest  plate,/,  of  column  2  is  wanting,  but 
a  vacancy  in  the  specimen  allows  for  its  legitimate  reconstruction,  as  in- 
dicated by  the  dotted  lines.    The  relations  of  this  resorption  of  ventral 
plates  of  the  corona  is  Riown  especially  clearly  in  Cidaris  florigemma 
Cplate  8,  figure  47),  where,  on  account  of  the  size  and  ornamentation  of 
the  plates,  their  removal  by  resorption  is  strikingly  apparent.    One 
striking  difference  in  these  two  types  exists.    In  Oidaris  (plate  8,  figures 
47  and  48),  the  smaller  plates  on  the  border  of  the  corona  have  a  large, 
central  spine  boss,  and  secondary  bosses  much  as  in  complete  plates 
further  dorsally.     It  is  evident  that  here  there  has  been  a  readjustment 
of  parts,  so  that  though  the  original  ornamentation  was  more  or  less  re- 
sorbed with  the  ventral  border  of  the  plate,  a  new  series  of  spine  bosses 
have  grown  up  to  take  the  place  of  and  occupy  the  same  relative  posi- 
tion as  the  original  tubercles.    In  a  young  specimen  of  recent  Cidaris 
p'lpillata  Leske  (plate  9,  figure  55)  the  spine  tubercles  are  being  resorbed 
together  with  the  ventral  border  of  the  plates,  and  no  readjustment  has 
as  yet  taken  place.     In  the  specimen  of  Archxocidaris  studied  there  was 
no  evidence  of  a  readjustment  of  tubercles  in  the  ventral  plates. 

In  ambulacrum  B^  of  Archaeocidaris  (plate  8,  figure  43),  as  in  other 
arabulacral  areas,  the  plates  consist  of  two  columns,  a  b,  of  small,  low 
plates,  each  having  two  pores.  The  sides  of  the  plates  are  parallel  and 
the  form  very  r^ular,  more  so  than  in  species  of  the  Melonitidw. 

In  interambulacrum  C  we  find  in  the  ventral  row  of  plates  a  condition 
like  that  described  in  area  A.  Plate  c  of  column  1  is  wanting,  and  the 
plate  lying  on  its  dorsal  border  is  twisted  dorso-ventrally,  but  the  empty 
space  for  c  remains,  and  it  can  properly  be  reconstructed,  as  indicated  by 
the  dotted  lines.  The  ventral  plate  d  of  column  3  is  present,  and  con- 
^dts  of  less  than  the  upper  half  of  a  hexagon,  as  in  plate  d,  area  A.  It 
has  no  spine  boss.  The  ventral  plate  e  of  column  4  is  hexagonal,  with  its 
ventral  border  partially  resorbed,  as  in  the  same  plate  of  area  A.  The 
ventral  plate/  of  column  2  is  less  than  the  upper  half  of  a  hexagon,  like 
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plate  d,  and  like  it  has  no  spine  boss.  Areas  Cand  A  are  therefore  seen 
to  be  exactly  alike  ventrally  and  are  mutually  helpful,  for  plate  c,  which 
is  wanting  in  area  C,  is  present  in  area  A;  also  plate/,  which  is  present 
in  area  C,  is  wanting  in  area  A. 

Ambulacral  plates  are  wanting  in  area  D,  but  the  space  they  occupied 
remains  open  *  In  interambulacrum  E  there  is  a  parallel  but  reversed 
condition  in  the  ventral  row  of  plates  as  compared  with  areas  C  and  .4. 
The  ventral  plate  c  of  column  1  is  not  preserved,  but  its  place  remains 
vacant,  and  it  is  restored  as  shown  by  the  dotted  lines.  This  plate  c  is 
a  small  plate,  being  less  than  the  upper  half  of  a  hexagon,  like  plate  d  ia 
areas  C  and  A.  The  initial  plate  d  of  column  4  is  present  as  a  hexagon, 
with  its  ventral  border  partially  resorbed.  The  ventral  plate  e  of  column 
3  is  present  as  a  small  plate,  less  than  the  upper  half  of  a  hexagon,  and 
shows  what  plate  c  should  have  been.  Plate  /,  the  ventral  plate  of  column 
2,  exists  as  a  hexagon,  with  its  ventral  border  jmrtially  resorbed.  Plates 
d  and  /  have  spine  bosses  in  the  original  center  of  the  plate,  but  on  ac- 
count of  resorption  lying  nearer  the  ventral  than  the  dorsal  border. 

In  interambulacrum  O  the  row  of  ventral  plates  is  like  the  same  row 
in  area  E,  Plate  c  of  column  1  is  less  than  the  upper  half  of  a  hexagon, 
as  in  area  E.  Plate  d  of  column  4  is  a  hexagon,  with  its  ventral  border 
truncated.  Plate  e,  the  ventral  plate  of  column  3,  is  wanting,  but  the 
place  for  it  exists  in  the  specimen,  and  it  is  introduced  as  indicated  hv 
dotted  lines.  Plates  c  and  e  have  no  spine  bosses.  Plate  /,  the  ventral 
plate  of  column  2,  in  the  specimen,  is  slightly  twisted  out  of  place,  but 
it  is  restored  to  its  natural  position  in  the  figure ;  its  ventral  border  is 
somewhat  truncated. 

In  ambulacrum  H  the  plates  are  clearly  preserved.  In  interambu- 
lacrum /  the  ventral  row  of  plates  is  wanting,  so  no  attempt  is  made  to 
restore  them  in  this  figure.  Ambulacrum  /  has  the  plates  clearly  pre- 
served. In  the  specimen  areas  A  and  (7  have  the  same  arrangement, 
and  in  these  the  fourth  column  is  right-handed.  This  point  is  discussed 
later  (page  220).  In  areas  E  and  G  a  different  but  comparable  arrange- 
ment exists  in  the  ventral  row,  and  in  these  areas  the  fourth  column  is 
left-handed.  What  the  arrangement  of  area  /  would  have  been  if  perfect 
may  be  pretty  safely  assumed  from  the  relative  position  of  plates.  From 
the  position  of  plates  in  column  2  of  area  /it  seems  that  the  lowest  plate  of 
this  series  must  be  the  ventral  plate  of  the  area,  as  in  column  2  of  area  (?. 
Therefore  in  the  reconstruction,  figure  44,  this  idea  is  carried  out,  and  as 
a  consequence  the  other  plates  of  the  ventral  row  are  the  same  as  in 
area  G. 

♦  In  making  the  drawing  of  figure  43,  Mr  Emerton  did  not  have  the  specimen;  but  made  his 
figure  from  detailed  drawings  of  the  specimen.  By  an  oversight  he  included  the  ambulacra]  pUt^s 
in  RTeA  />,  where  they  do  not  exist  in  the  specimen. 
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The  interambulacral  plates  of  Archseocidaris  wortheni  have  a  large  cen- 
tral perforated  primary  spine  tubercle  which  bears  a  long  smooth  spine 
measuring  from  about  5  to  6.5  centimeters  in  length.  In  addition  there 
is  on  the  borders  of  the  plates  a  row  of  small  secondary  spine  tubercles. 
In  plate  8,  figure  43,  by  a  mistake  of  the  artist  (see  foot-note,  page  216), 
the  secondary  spine  bosses  are  too  numerous  and  too  prominent  in  each 
plate.  They  are  represented  more  correctly  for  this  species  in  the  recon- 
struction (plate  8,  figure  44).  The  spines  belonging  to  these  small  tuber- 
cles have  never  been  described  in  the  genus.  A  specimen  of  Archaeoddaris 
vortheni  in  the  Museum  of  Comparative  Zoology  (catalogue  number 
3028,  plate  8,  figure  46),  besides  the  large  primary  spines,  shows  the 
small  secondary  spines  associated  with  the  small  tubercles  on  the  borders 
of  the  plates.  These  small  spines  are  smooth,  acicular  and  measure  from 
2  to  2.4  millimeters  in  length.  The  enormous  disproportion  in  size 
between  the  primary  and  secondary  spines  is  shown  in  the  figure, 
although  from  lack  of  space  the  entire  length  of  a  primary  spine  could 
not  be  given.  The  dotted  lines  in  the  figure  represent  a  reconistruction 
of  the  primary  spine  from  another  specimen,  the  spine  belonging  to  the 
plate  figured,  terminating  by  a  fracture.  Similar  secondary  spines  are 
also  shown  in  a  specimen  of  Archseocidaria  agaasizii  in  the  Museum  of 
Comparative  Zoology  (catalogue  number  3037). 

The  choice  specimen  of  Archseocidaris  wortheni  described  (plate  8,  figure 
43)  not  only  has  the  ventral  row  of  plates  of  the  corona  preserved  almost 
entire,  but  also  has  the  buccal  pyramids  and  plates  on  the  peristome 
preserved  as  well.*  The  pyramids  lie  opposite  the  interambulacra  in 
each  of  the  5  areas.  The  pyramids  of  each  area  consist  of  two  parts,  as 
indicated  by  the  median  suture.  While  in  contact  when  well  preserved, 
the  parts  may  become  separated.  The  pyramids  in  this  specimen  are 
truncated  orally  as  shown  in  the  figure,  but  in  other  specimens,  as  seen 
in  the  American  Museum  and  in  a  specimen  of  this  species  (catalogue 
number  3027)  in  the  Museum  of  Comparative  Zoology,  they  are  bluntly 
acuminate  orally.  In  one  area,  A^  of  the  figure  one  side  of  a  pyramid 
Ib  restored  as  indicated  by  dotted  lines ;  otherwise  the  outlines  are  ex- 
actly as  in  the  specimen.  The  teeth,  which  should  lie  at  the  oral  termi- 
nation of  the  pyramids  and  between  their  apposed  tfps,  are  not  preserved. 
On  the  peristome  the  plates  of  the  interambulacral  areas  are  scale-like, 
imbricating  adorally  (plate  8,  figure  43).  The  plates  are  largest  on  the 
outer  border  of  the  peristome  and  decrease  in  size  toward  the  oral  area, 
where  also  the  number  of  plates  is  relatively  less.    These  plates  do  not 

*Iq  Profe«9or  HalPs  oriKinal  figure,  ah  cited,  the  pyramids  are  ahown,  though  I  have  been  able 
to  add  «oniething  lo  regard  to  them.  The  platen  od  the  peristome,  howoTer,  are  only  indicated 
t'T  %  few  dots  showing  no  details. 
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seem  to  bear  any  relation  to  the  4  columns  in  the  corona.  They  impinge 
upon  the  corona  in  a  quite  irregular  manner,  and  in  the  most  perfect  area. 
Aj  are  seen  to  be  5  in  number  on  the  margin.  Comparing  these  interam- 
bulacral  plates  of  the  peristome  with  those  of  a  recent  specimen  of  Cidam 
trtbuloides.  Lam.,  from  Panama,  in  the  collections  of  the  Museum  of  Com- 
parative Zoology  (catalogue  number  404,  plate  8,  figure  48),  it  is  seen  that 
the  form  is  strikingly  similar.  Orally  there  is  a  single  column  of  these 
interambulacral  plates  in  CidariB;  but  on  the  outer  border,  as  pointed  out 
by  Jjoven  (27)  some  accessory  plates  are  seen,  as  shown  in  the  figure,  and 
as  also  shown  in  Cularia  papilUUa^  plate  9,  figure  55,  after  Lov^n  (27). 

The  ambulacral  plates  of  the  peristome  in  Archseoddaru  wcriheni  differ 
from  the  same  plates  of  the  corona  in  being  drawn  out  in  the  longer  axis, 
and  they  are  somewhat  irregular  in  shape,  the  plates  of  the  corona  bein^ 
very  uniform  in  size  and  shape.  These  plates  of  the  peristome  interlock 
apparently  somewhat  loosely  on  their  apposed  median  border  and  later- 
ally are  drawn  out  in  somewhat  acuminate  points.  They  have  in  all 
plates  observed  two  pores,  which  are  situated  in  one  horizontal  plane.  No 
ambulacral  plates  were  seen  nearer  the  mouth  than  those  represented. 
Such  plates  if  existent  mjght  show  the  pores  arranged  in  a  dorso-ventral 
rather  than  a  horizontal  position  in  the  plates.  Comparing  the  ambu- 
lacral plates  of  the  peristome  of  Archasocidaris  with  those  of  Cidam 
(plate  8,  figure  48),  we  find  that  in  Cldaris  they  are  more  regular  in  form, 
relatively  much  larger  both  vertically  and  horizontally,  and  the  por^ 
are  arranged  vertically,  overlying  one  another,  instead  of  horizontally,  as 
in  Archasocidaris ;  also  in  Cldaris  these  plates  imbricate  strongly  adorally. 

In  another  species  of  Archseocidaris,  from  Peoria  county,  Illinois,  in  the 
Museum  of  Comparative  Zoology  (catalogue  number  3029),  the  spines 
and  plates  of  portions  of  the  skeleton  are  very  clearly  preserved.  On  the 
plates  of  the  corona  the  large  primary  spines  are  attached  directly  to  the 
large  central  tubercles  of  the  plates.  Small  secondary  spines  are  abun- 
dantly preserved,  attached  to  the  secondary  tubercles  situated  on  the 
borders  of  the  plates,  as  in  Archasocidaris  wortheni  (plate  8,  figure  46),  A 
portion  of  the  peristome  is  also  preserved,  showing  imbricating  interam- 
bulacral plates  and  elongate  plates  with  two  pores  in  the  ambulacral 
areas.  These  plates  of  the  peristome  are  largely  hidden  by  a  profusion 
of  small  spines  which  thickly  cover  the  area. 

The  peristome  and  ventral  border  of  the  corona  have  never  been  de- 
scribed before  in  ArchasocidariSj  except  in  so  far  as  Professor  Hall's  original 
figure  of  this  same  specimen  shows  it ;  also  the  plates  of  the  peristome,  I 
think,  have  not  been  figured  in  any  Paleozoic  genus,  although  they  are  de- 
scribed by  Sir  Wyville  Thomson  (39)  in  EchinocyBtUes ;  therefore  on  ac- 
count of  its  importance  a  restoration  of  this  area  is  given  in  plate  8,  figure 
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44.  In  this  figure  the  areas  are  lettered  as  in  the  original  figure  43.  The 
ventral  row  of  plates  in  area  /  is  restored  completely,  as  it  does  not  show 
in  the  specimen.  On  account  of  the  relative  position  of  the  plates  I  think 
that  this  row  would  have  the  same  arrangement  as  in  areas  E  and  Cr,  as 
discussed  (page  216),  and  have  so  restored  it.  In  the  restoration  the  buccal 
pyramids  are  brought  to  an  acuminate  instead  of  truncated  distal  tip, 
and  the  ambulacral  and  interambulacral  plates  are  carried  up  on  to  the 
peristome  farther  than  they  were  seen  in  the  specimen.  Otherwise  this 
restoration  differs  from  the  facts  as  shown  in  the  specimen  only  by  being 
made  regular  in  outline,  thus  doing  away  with  local  distortion  caused  by 
the  processes  of  fossilization. 

It  has  been  shown  in  several  genera  that  in  the  development  of  the  inter- 
ambulacrum  there  is  a  single  plate  at  the  ventral  termination  in  the  young, 
or  in  both  the  young  and  adult  of  some  species.  From  this  as  a  beginning 
during  progressive  growth,  there  is  an  addition  of  new  columns  of  plates 
until  the  full  number  characteristic  of  the  adult  is  attained.*  It  is  further 
shown  that  this  initial  plate  is  ordinarily  resorbed,  together  with  more  or 
less  succeeding  plates,  by  the  encroachment  of  the  peristome.  Such  being 
the  case,  it  is  interesting  to  inquire  into  what  was  the  structure  of  Archseo- 
cidaris  before  resorption  took  place  and  how  the  four  columns  character- 
istic of  the  adult  interambulacrum  developed.  In  plate  8,  figure  45,  an 
endeavor  is  made  to  reconstruct  these  first  plates,  doing  so  by  the  laws 
of  growth  as  established  in  other  genera  in  the  present  papers.  Around 
the  mouth  we  must  suppose  that  there  existed  a  row  of  10  ambulacral 
plates,  for  such  is  found  in  the  development  of  Oidaria  (figure  3,  page  234) 
and  Strongylocentrotus  (plate  3,  figure  8)  and  is  known  in  the  adult  of  the 
oldest  known  echinoid,  Bothriocidaris  (figure  4,  page  234).  Whether  this 
first  row  of  plates  in  Archiejcidaris  was  succeeded  by  another  row  of  10 
ambulacral  plates,  as  in  Bothriocidaris^  as  shown  by  Schmidt  (37),  or 
whether  it  had  an  accelerated  development,  as  in  Oidaris  (figure  cited) 
and  skipped  the  second  row,  we  have  no  means  of  telling.  I  prefer  to 
leave  it  as  one  row,  as  that  is  in  accordance  with  the  condition  of  most 
genera  observed.  Succeeding  the  first  row  of  ambulacrals,  we  suppose  a 
second  row,  in  which  there  are  two  ambulacrals  in  each  area,  and,  in  ad- 
dition, a  single  interambulacral  plate,  1',  exists  as  the  beginning  of  that 
part  in  each  of  the  5  areas.f  In  the  succeeding  rows  as  added,  the  am- 
bulacra continue  as  two  columns  of  plates,  a,  6,  as  in  the  adult.  In  the 
third  row  there  are  in  the  interambulacra  2  plates  in  each  area  corre- 
sponding to  the  condition  existent  in  all  genera  above  Bothrioddarid. 


*  See  studies  of  Metonitea,  OUgoponm,  Pholidoeidarit^  Lepidoddaru^  Lepideehinut,  ddarif,  Strongy- 
(oeo^rotoi.  iind  Bothrioeidnru,  all  illasirated  by  figares  in  the  plates  or  text. 

t  ComiMre  this  with  plate  3,  figures  8-11 ;  plate  6,  figure  27 ;  plate  7,  figure  42,  plate  9,  figure  64,  and 
flgiireB  1, 3  and  4,  pages  164  and  234. 
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These  two  plates,  1  and  2,  in  the  several  areas  of  Archssocidaris  by  additions 
form  the  two  adambulacral  columns  of  plates  (compare  with  Mdonilu, 
plate  2,  figure  2).  In  the  next  row  of  interambulacrals  there  are  B  plates, 
plate  3  being  the  initial  plate  of  the  first  median  column  of  interambu- 
lacral  plates.  In  the  next  row  above  initial  plate  3  we  find  in  the  5  areas 
the  introduction  of  a  fourth  plate,  4,  which  is  the  beginning  of  the  fourth 
column  of  plates.  It  is  seen  in  areas  A  and  C  that  the  fourth  column 
originates  in  its  theoretically  correct  position,  with  two  columns  on  the 
left  and  one  on  the  right.  In  areas  E,  0  and  J,  however,  the  fourth  I 
column  is  represented  as  beginning  on  the  left  of  the  center,  with  one 
column  of  plates  on  the  left  and  two  on  the  right. 

Continuing  dorsally,  we  find  that  4. columns  continue  to  be  formed, and 
no  more  are  known  in  this  species.  In  the  first  row  added  above  the 
introduction  of  the  fourth  column  in  this  diagram  (plate  8,  figure  45) 
a  circular  dotted  line  bisects  the  plates.  All  below  or  on  the  ventral  side 
of  this  dotted  line  is  reconstruction,  but  that  portion  which  lies  above 
the  line  represents  the  condition  as  actually  observed  in  the  specimen  of 
Archxocidaria  from  which  plate  8,  figure  43,  was  drawn.*  The  plates  c,  rf, 
e  and  /  above  the  dotted  or  resorption  line  in  plate  8,  figure  45,  in  the  sev- 
eral areas  correspond  in  form  and  position  exactly  with  those  of  plate  8, 
figure  44.  It  is  to  be  observed  that  in  order  to  make  these  plates  come 
in  their  proper  order  it  was  mechanically  necessary  to  have  column  4 
right-handed  in  its  development  in  areas  A  and  C  and  left-handed  in 
areas  E,  0  and  /.  It  is  also  to  be  noted  that,  arranging  them  as  I  have, 
the  columns  are  introduced  precisely  as  in  Mdonites  (plate  2,  figure  2, 
and  figure  1,  page  164),  and  carrying  out  the  relative  proportion  in  size^ 
as  seen  in  other  genera,  the  number  of  plates  introduced  in  the  recon- 
struction is  just  sufficient  to  build  the  required  number  of  columns  and 
to  meet  around  what  was  the  border  of  the  peristome  at  an  early  stage 
in  growth. 

STRUCTURE  OF  LEPIDOCIDARIS  SQUAMOSUS, 

Messrs  Meek  and  Worthen  (31)  founded  the  genus  Lepidocidaris  for  the 
single  species  L.  squamosuSy  M.  and  W.  The  type  of  the  species  and  genus 
(plate  7,  figure  41),  which  was  in  the  Wachsmuth  collection,  is  now  in  the 
collections  of  the  Museum  of  Comparative  Zoology  (catalogue  number 
3026).  The  species  is  from  the  lower  Burlington  limestone  of  Burling- 
ton, Iowa.  Besides  the  type,  there  are  several  fragmentary  specimens  of 
the  species  in  the  Cambridge  museum.  This  species  differs  in  many  fea- 
tures from  ArcJueocidaria^  so  that  Meek  and  Worthen 's  genus  Lepidocidaris 
should  certainly  stand,  and  I  think  Professor  Keyes  is  mistaken,  w^hen  in 


*  Bxoept  for  restoration  of  area  /,  which  is  reconstructed,  as  shovrn  in  plate  8,  figure  44. 
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his  "Synopsis  of  Paleozoic  Echinoids,"  he  includes  it^under  the  genus 
Lepideckinus,  There  are  essential  differences  in  the  form  of  the  interambu- 
lacral  plates,  the  ornamentation  of  the  same,  and  the  arrangement  and 
form  of  the  ambulacral  plates  from  Lepidechinua  rarispiniis^  Hall,  as  I  can 
safely  assert,  having  studied  Hall's  types  and  also  other  specimens  of  the 
species  (plate  7,  figure  42).  Lepidocidaris  aquamosus  also  differs  essentially 
from  Lepidechimis  vmbricaius^  which  is  the  type  of  the  genus,  judging  from 
Professor  HalPs  description,  although  unfortunately  the  species  has  never 
been  figured. 

In  Meek  and  Worthen's  figure  of  Lepidocidaris  aquamosus  the  axes  were 
incorrectly  oriented,  as  they  had  nothing  to  guide  them  in  fixing  axes 
but  details  of  plate  arrangement,  and  this  method  of  orientation  was  un- 
known. In  plate  7,  figure  41,  the  orientation  is  corrected.  The  interam- 
bulacral  plates  of  Lepidocidaris  squavwsus  are  comparatively  thin  and  the 
imbrication  is  slight. 

The  ambulacral  plates  of  Lepidocidaris  squavwsus  are  small,  low,  and 
above  the  ventral  border  fail  in  many  cases  to  pass  across  the  half-area  to 
which  they  belong.  This  feature  is  a  distinction  from  either  Archseocidaris 
or  Lepideckinus^  and  is  similar  in  method,  though  not  quite  so  complete 
in  degree,  as  in  PcUssechinvSy  as  recently  emended  by  Dr  Duncan  (8)  and 
shown  in  P.  gigas  (plate  7,  figure  39).  It  also  reminds  one  strongly  of 
the  condition  seen  in  developing  Oligoporus  (plate  6,  figure  25). 

At  the  ventral  border  of  the  interambulacrum,  as  far  as  preserved  (plate 
7,  figure  41),  there  are  5  columns  of  plates,  although  their  outlines  are 
somewhat  indistinct.  The  sixth  column  is  introduced  by  a  pentagonal 
plate  6.  This  column  has  2  columns  on  the  left  and  3  on  the  right  at  its 
lK)int  of  origin.  No  heptagonal  plate  bordering  pentagon  6  can  be  made 
out  on  account  of  the  imperfections  at  that  area.  In  the  third  row  above 
pentagon  6,  the  seventh  column  is  introduced  l?y  the  pentagon  7  with  a 
heptagonal  plate,  H,  on  its  left  and  3  columns  of  plates  on  either  side  at 
the  point  of  origin.  The  eighth  and  last  column  added,  as  far  as  the 
specimen  shows,  originates  in  pentagon  8,  in  the  second  row  above  penta- 
gon 7.  This  eighth  column  at  its  origin  has  3  columns  on  the  left  and  4 
on  the  right.  A  heptagonal  plate,  H,  lies  on  the  right  of  the  terminal 
[>entagon.  This  is  the  only  entire  specimen  known,  so  that  we  cannot 
tell  whether  more  columns  were  added  or  not.  From  the  contour  of  the 
specimen  it  appears  that  its  dorsal  portion  could  not  have  reached  much 
more  than  to  the  ambitus ;  therefore  it  is  possible  that  more  columns  of 
plates  will  be  found  to  be  characteristic  of  the  species  if  more  perfect 
material  is  found. 

Lepidocidaris  is  evidently  a  near  ally  of  Archseocidaris,  and  it  is  inter- 
esting to  find  that  the  plate  arrangement  traced  in  the  Melonitidee  can  be 
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traced  equally  well,  following  the  eame  laws  of  growth,  in  this  genus, 
which  we  may  take  in  regard  to  this  feature  as  representing  the  typical 
forms  of  the  family.  In  the  allied  family,  the  Lepidocentridse,  as  repre- 
sented by  Lepidocentrus  and  Lepidechinus,  the  development  is  so  accelerated 
and  the  individual  plates  are  so  peculiar  in  form  that  in  details  of  plate 
contour  and  arrangement  they  make  a  law  unto  themselves. 

NOTES  ON  XBNOCIDARIS. 

The  genus  Xenocidaria,  Schultze,  is  known  only  from  dissociated  spines. 
X  elavigera^  Schultze  (38),  the  type  of  the  genus,  is  from  the  Devonian 
of  Gerolstein,  Eifel.  This  type  material,  consisting  of  some  30  spines,  is 
in  the  L.  Schultze  collection,  in  the  Museum  of  Comparative  Zoology 
(catalogue  number  3044).  Besides  the  types,  a  few  other  specimens  of 
this  species  are  in  the  same  collection. 

The  distal  ends  of  the  spines  are  extensively  enlarged-  They  are 
truncated,  the  apex  being  elevated,  flat  or  reentrant ;  it  is  also  spinulose, 
showing  much  variation  in  different  spines.  The  sides  of  the  spines  near 
the  distal  end  are  plicated,  but  in  various  degrees  in  different  spines. 
The  commoner  variations  of  this  protean  type  are  shown  well  in  Schultze  s 
figures. 

The  affinities  of  Xenocidaris  are  questionable,  as  it  is  known  only  from 
such  limited  material.  Provisionally  it  may  be  retained  in  the  Arcbaeo- 
cidaridse,  as  that  is  the  only  family  of  Paleozoic  Echini  characterized  by 
large  and  ornate  spines. 

Studies  of  the  Lepidocentrid^. 

GBNERAL  CHARACTERISTICS, 

The  Lepidocentridfie  is  a  family  of  Echini  associated  with  the  Archaeo- 
cidaridse  and  characterized  by  possessing  strongly  imbricating  plates  and 
a  highly  accelerated  development  in  regard  to  the  rapid  rate  of  introduc- 
tion of  interambulacral  columns.  In  this  feature  it  is  the  most  acceler- 
ated of  any  Paleozoic  Echini.  The  peristome  is  small  and  the  single 
initial  plate  of  the  interambulacrum  is  retained  in  the  adult  iLejn- 
dechintui), 

Dr  Duncan  in  his  **  Revision  "  (9)  incljides  the  genera  of  the  Lepido- 
centridte  in  the  Archseocidaridse,  but  this  seems  a  mistake,  as  they  are  a 
very  distinct  and  concrete  group  of  forms,  and  are  separated  by  both 
Lov6n  (25)  and  Zittel  (44). 

STRUCTURE  AND  PLATE  ARRANGEMENT  OP  LEPIDOCENTRUS. 

The  genus  Lepidoeentrm,  Miiller,  has  not  been  described  from  this 
country,  though  it  is  quite  close  to  Lepidechinus,  In  the  Museum  of 
Comparative  Zoology  is  a  specimen  (catalogue  number  3040)  of  Lepido- 
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ctiitniB  muUeri,  Schultze,  from  the  Middle  Devonian  of  Muhlenberg  near 
Gerolstein,  Eifel.  This  specimen  is  in  the  Ludwig  Schultze  collection 
and  is  the  original  type  of  Schnitzels  species,  being  figured  in  his  work  on 
Eifel  fossils  (38),  (plate  13,  figure  1). 

The  ambnlacral  areas  of  Lepidocentrus  muUeri  (figure  2)  consist  of  2  col- 
umns of  narrow,  low,  quite  r^ular  plates,  each  perforated  by  2  pores.  The 
clearest  ambulacrum  of  the  specimen  is  that  seen  at  the  right  of  the 
figure.  The  ambulacrum  B,  which  should  exist  between  the  2  interam- 
bulacra  figured,  A  and  C,  has  been  shoved  out  of  view,  except  in  the 
ventral  portion,  by  the  lateral  movement  of  the  interambulacra. 

Two  interambulacra  are  quite  well  preserved,  as  shown  in  the  figure, 
and  on  the  other  side  of  the  specimen  the  impress  of  the  plates  of  two 
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FxouKB  %,— Lepidocentrus  miUUriy  Schultze.    (Life  size). 

othor  areas  can  be  more  or  less  made  out.  All  interambulacra  consist 
of  a  large  number  of  columns  of  plates  at  what  I  take  to  be  the  dorsal 
portion,  and  all  are  reduced  to  few  (X)lumns  at  the  ventral  portion,  as  in 
Ijq)idechinu8  and  other  genera. 

At  the  ventral  border  of  area  C,  as  far  as  preserved  (figure  2),  6  columns 
of  plates  exist,  as  indicated  by  the  numbers  and  dotted  lines  ;  passing 
dorsally,  new  columns  are  rapidly  added,  as  in  Lepidechinus  (plate  7, 
figure  42),  columns  7,  8  and  9  originating  almost  simultaneously.  The 
tenth  and  eleventh  columns  do  not  originate  until  much  later  than  the 
ninth,  and  the  eleventh  originates  much  too  far  to  the  right,  according  to 
the  ordinary  laws  of  growth,  it  having  at  its  point  of  origin  eight  columns 
on  the  left  and  but  two  on  the  right.    This  highly  irregular  position  may 
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be  compared  with  the  similar  irregular  position  of  the  seventh  column 
in  Melonitea  septenariua  (plate  9,  figure  49).  It  is  noticeable  in  Lepidocerr 
trus  muUeri  that  the  initial  plates  of  newly  added  columns  do  not  show 
the  pentagonal  form  which  is  shown  to  be  characteristic  of  most  Paleo- 
zoic Echini,  and  the  same  remark  applies  more  or  less  closely  to  Lepi- 
dechiniis  (plate  7,  figure  42)  and  Pholidocidaria  (plate  9,  figure  54). 

In  the  large  number  of  columns  of  interambulacral  plates  attainedT 
this  species  is  one  of  the  most  extreme  types  of  all  echinoids,  a  similar 
condition  being  seen  in  JLeptdccAinti*  rari«pm«s,  Hall,  and  Mdoniits  gigan- 
teu8  Jackson,  (plate  5,  figure  21),  both  of  which  have  11  columns  (see  sys- 
tematic table  facing  page  242). 

No  genital  or  other  plates  indicating  the  dorsal  or  ventral  area  being  ex- 
istent, this  specimen  of  Lepidocentrus  mvlleri  has  to  be  oriented  by  the 
direction  of  introduction  of  columns  (compare  with  MeloniieSy  plate  2, 
figure  2,  and  Lepidechinus,  plate  7,  figure  42).  This  being  done,  it  is  seen 
(figure  2)  that  the  interambulacral  plates  are  strongly  imbricated  adorally 
and  laterally ;  the  median  plates  overlapping  those  on  either  side  and  ad- 
ambulacrals  overlapping  adjacent  ambulacrals.  Accepting  this  method 
of  orienting  axes  as  correct,  and  it  seems  to  be  clearly  proved  by  the  numer- 
ous types  studied,  it  follows  as  a  consequence  that  Schultze's  (38)  original 
figure  of  this  specimen  was  incorrectly  oriented.  Miiller's  (35)  figure  of 
Lepidocentrus  rhenanvA,  Bey  rich,  was  also  incorrectly  oriented,  as  proved 
positively  in  this  case  by  the  presence  of  jaws  ;  and  Professor  Zittel,  in  bis 
recently  published  "  Grundziige  der  Palseontologie,"  has  copied  the  figure 
and  corrected  the  orientation. 

The  two  species,  and  perhaps  the  two  specimens  mentioned,  are  the  only 
ones  in  the  genus  in  which  a  comparatively  complete  test  is  known,  and 
this  incorrect  orientation  in  the  figures  cited  has  apparently  led  to  a  mis- 
take in  regard  to  the  direction  of  imbrication  of  the  plates.  We  find  the 
statement  by  Dr  Duncan  (9)  and  others  that  the  interambulacral  plates  of 
Lepidocentrus  imbricate  aborally  and  laterally,  whereas  it  should  be  cor- 
rected to  read  adorally  and  laterally.  The  same  authority  (9)  d^cribes 
the  interambulacral  plates  as  hexagonal.  In  Lepidocentrus  rhenanvs^  Beyr., 
they  are  nearly  or  quite  hexagonal,  with  the  corners  rounded,  as  figured  by 
Miiller ;  but  in  L.  miUleri  (figure  2)  they  are  more  nearly  rhombic  in  fomi 
and  none  are  strictly  hexagonal;  in  L,  eifelianv^  they  are  scale-like, with 
rounded  rather  than  hexagonal  sides.  I  feel  it  necessary  to  make  a  point 
of  correcting  this  statement  because  the  form  of  the  plates  in  this  genus 
is  considered  as  an  aid  in  the  S3'stematic  classification  of  the  three  species. 

In  the  study  of  the  plates  of  Lepidocentrus  mulleri  help  has  been  obtained 
from  the  large  number  of  dissociated  interambulacral  plates  in  the 
Schultze  collection.     These  plates  are  the  types  of  Schultze's  original 
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work,  dbd  are  in  the  Museum  of  Comparative  Zoology.  One  set  of  plates 
is  from  the  Devonian  of  Rommersheim,  near  Prum,  Eifel  (catalogue 
number  3041),  and  another  set  is  from  Gerolstein,  Eifel  (catalogue  num- 
bers 3042  and  3045).  The  original  types  of  the  spines,  presumably  pri- 
maries from  interambulacral  plates,  are  also  in  the  collection.  They  are 
from  Gerolstein,  Eifel  (catalogue  number  3043). 

The  interambulacral  plates  in  the  upper  part  of  the  test  (figure  2)  are 
all  nearly  rhombic  in  outline,  and  ventrally  the  plates  have  the  angles  of 
the  rhomb  truncated  by  curving  additional  sides.  It  has  been  shown 
that  in  MeUmiies  the  newly  formed  or  young  plates  at  the  dorsal  border  of 
the  corona  are  rhombic  in  outline  (plate  3,  figure  13,  and  plate  5,  figures 
20  and  21).  A  similar  condition  has  been  approached  in  Oligopoms 
(plate  6,  figure  31)  and  in  Palseechinvs  (plate  7,  figure  36).  It  appears, 
therefore,  that  the  plates  of  Lepidocentrus  inulleri  throughout  the  life  of  the 
individual  retain  nearly  or  quite  the  simple  character  which  is  seen  in 
young,  newly  added  plates  of  unspecialized  types.  (For  further  discus- 
sion see  page  228.) 

The  interambulacral  plates  of  Lepidocentrus  mulleri  have  a  single  com- 
paratively large  primary  spine  boss,  occupying  various  positions  on  the 
plate,  though  none  were  seen  in  the  center,  the  usual  place  for  such 
bosses.  Secondary  spine  bosses  are  scattered  over  the  surfaces  of  the 
plates.  This  condition  of  primary  and  secondary  bosses  is  interesting 
for  comparison  with  the  similar  condition  shown  by  Meek  and  Wor- 
then  (31)  in  Pholidocidaris  irregularia,  another  aberrant  echinoid,  but  in  a 
quite  distinct  family  (see  table  of  classification  facing  page  242).  The 
spines  of  Lepidocentrus  muUeri  are  small,  acicular  and  swollen  at  the  base. 

In  Lepidocentrus  eifelianus^  Miiller,  we  have  another,  but  quite  closely 
allied  species,  which  is  known  only  from  dissociated  plates.  Plates  of 
this  species  from  the  Devonian  of  Nohn,  Eifel,  are  in  the  Schultze  col- 
lection in  the  Museum  of  Comparative  Zoology  (catalogue  number  3068), 
and  spines  attributed  to  the  same  (catalogue  number  3069) ;  also  a  large 
series  of  plates  from  the  Devonian  of  Rommerscheim  (catalogue  number 
3061).  This  species  differs  from  L.  mulleri  in  having  much  thinner  plates, 
and  also  the  plates  are  more  rounded  in  form,  exceeding  in  this  feature 
any  plates  found  in  that  species.  It  is  therefore  apparently  more  spe- 
cialized in  this  peculiar  matter  of  plate  form.  The  spines  do  not  differ 
essentially  from  those  of  L.  mulleri. 

NOTES  ON  PERISCHODOMUS. 

The  genus  Perischodomiis  is  known  only  from  two  species.  One,  P,  illi- 
rwisensis,  Worthen  and  Miller  (42),  is  imperfectly  known.  The  type  is 
in  the  Illinois  State  Museum  at  Springfield,  Illinois  (see  foot-note,  page 
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207).  The  other  species,  P.  biserialis,  M'Coy,  has  been  well  illustrated 
by  Keeping  (22).  The  type  of  M'Coy's  and  Keeping's  researches  on 
this  species  is  in  the  Woodwardian  Museum  at  Cambridge,  England. 
A  specimen  of  this  second  species  from  the  Carboniferous  of  Hook  Point, 
county  Wexford,  Ireland,  is  in  the  Museum  of  Comparative  Zoology 
(catalogue  number  3071).  The  specimen  consists  of  a  portion  of  an  in- 
terambulacrum  and  a  single  ambulacral  plate.  The  plates  are  rounded 
on  their  borders  and  imbricate  strongly  aborally,  as  described.  The  in- 
troduction of  one  column  of  interambulacral  plates,  the  fifth,  is  shown. 

STRUCTURE  AND  DBVELOPMBNT  OF  LBPIDBCHINU8. 

The  genus  Lepidechinus  was  founded  by  Professor  Hall  (16)  for  the 
reception  of  a  species  with  imbricating  plates.  Lepidechinus  imbricatm, 
Hall,  the  type  of  the  genus,  has  not  been  figured  or  published  from  orig- 
inal observations,  so  far  as  I  can  find  out,  except  in  the  original  descrip- 
tion. Another  species,  Lepidechinus  rarispinuSy  was  later  described  by 
Hall  (17)  and  a  figure  given.  All  the  known  specimens  are  sandstone 
casts.    Jaws  have  not  been  previously  described  in  the  genus. 

Professor  C.  E.  Beecher,  of  New  Haven,  kindly  loaned  me  a  valuable 
specimen  of  Lepidechinus  rarispimis  from  the  Waverly  sandstone,  Sub- 
carboniferous,  of  Warren,  Pennsylvania.  This  choice  specimen  (plate  7, 
figure  42)  is  a  cast  of  the  ventral  side.  One  interambulacrum  is  very 
clear,  and  it  with  adjacent  ambulacra,  jaws,  and  some  plates  of  the  peri- 
stome are  shown  in  the  accompanying  figure. 

At  the  ventral  border  of  the  interambulacrum  there  is  a  single  initial 
plate,  1'  (plate  7,  figure  42).  This  plate  has  a  sharp  apex  dorsally,  two 
inclined,  but  very  short  sides  at  the  contact  with  the  bordering  ambu- 
lacra, and  ventrally  is  truncate.  Lepidechinus  and  Pholidocidaris  (plate  9, 
figure  54)  are  the  only  genera  of  Paleozoic  echinoids  in  which  I  have  seen 
the  single  initial  plate,  although  every  evidence  of  its  presence  has  been 
observed  in  Melonites  (plate  3,  figure  10)  and  Oligoporus  (plate  6,  figure  26)- 
In  Melonites  and  Oligoporus  the  supposed  ventral  plate  with  part  of  the 
ventral  border  of  the  two  succeeding  plates  was  removed  by  resorption ; 
but  here  we  have  a  case  in  which  resorption  at  most  removed  only  part 
of  the  initial  plate  of  the  area.  In  Lepidechinus  the  second  row  of  inter- 
ambulacral plates  consists  of  two  quite  irregular  plates,  1  and  2.  Part 
of  this  irregularity  may  be  due  to  imperfections  of  preservation,  as  the 
outlines,  especially  of  plate  2,  are  quite  difficult  to  make  out  in  this  sand- 
stone cast.  Plates  1  and  2,  by  addition  of  succeeding  plates,  form  the  two 
adambulacral  columns,  as  in  Melonites  (plate  2,  figure  2).  These  adambu- 
lacral  plates,  on  account  of  the  peculiar  scale-like  form  of  the  plates,  are 
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not  SO  regularly  pentagonal  as  in  Mdonites  and  similar  forms.    In  the 
third  row  of  Lepidechinus  the  third  column  of  plates  originates  in  plate 
3  and  forms  the  first  added  median  column  of  interambulacral  plates. 
In  the  next  row  the  fourth  column  is  introduced  by  plate  4,  which  has 
2  columns  of  plates  on  the  left  and  1  on  the  right,  as  usual  in  Melonites. 
In  the  fifth  row  the  fifth  column  is  introduced  by  plate  5,  with  2  columns 
on  either  side.    Initial  plate  5  impinges  on  the  dorsal  side  of  initial 
plate  3.     The  sixth  column  is  introduced  so  quickly  that  its  initial 
j)late  6  extends  down  into  and  becomes  part  of  the  fifth  row.    The  seventh 
column  is  also  introduced  very  quickly,  its  initial  plate  7  truncating  the 
dorsal  border  of  plate  5.    The  eighth  and  ninth  columns  originate  almost 
simultaneously  in  plates  8  and  9,  which  both  impinge  on  the  dorsal  border 
of  initial  plate  7.     It  is  to  be  observed  that  in  Lepidechinus  the  initial 
plates  of  columns  are  not  pentagonal  with  adjacent  heptagonal  plates,  as 
in  Melonites  and  most  other  genera  of  Paleozoic  Echini,  the  scale-like 
imbricating  character,  together  with  the  rapid  introduction,  seeming  to 
do  away  with  the  usual  forms  of  the  plates.    From  the  initial  plate  1 
to  the  introduction  of  the  fourth  column  in  plate  4,  the  development  of 
Lepidechinue  (plate  7,  figure  42),  excepting  for  the  scale-like  form  of  its 
plates,  is  like  that  traced  in  Melonites  and  Oligopoms.    The  later  added 
columns  of  Lepidechinus,  however,  present  a  striking  difierence  in  their 
extremely  rapid  introduction,  surpassing  any  other  known  form  of  False- 
echini,  except  Lepidocenirus  muUeri  (figure  2,  page  223).    In  this  feature 
it  may  properly  be  considered  a  highly  accelerated  type,  very  early  acquir- 
ing features  which  appear  much  later  in  the  nearest  allied  forms. 

The  ambulacral  plates  of  the  corona  of  Lepidechinus  rarispinus  (plate  7> 
figure  42)  are  in  2  columns,  each  plate  of  which  extends  quite  across  its 
own  half  ambulacrum.  The  plates  have  2  pores  and  a  prominent  pit, 
representing  a  spine  tubercle.  Smaller  tubercles  may  have  existed,  but 
they  were  not  made  out.  On  the  peristome  faint  traces  of  the  ambulacral 
plates  can  be  made  out,  as  shown  in  the  figure ;  they  are  principally  indi- 
cated by  the  pores  and  spine  tubercles. 

Prominent  buccal  pyramids  are  present  orally,  lying  opposite  each  in- 
terambulacral area,  but  the  actual  teeth  are  not  shown. 

There  are  2  specimens  of  Lepidechinus  rarispinus  in  the  American  Mu- 
seum of  Natural  History,  New  York,  and  they  are  the  original  types  from 
which  the  species  was  described.  These  specimens  are  smaller  and  have 
smaller  plates  than  the  specimen  just  described.  They  show  11  columns 
of  plates,  as  originally  described,  and  the  number  of  columns  increases 
rapidly  in  passing  from  the  ventral  border  dorsally,  as  in  Professor 
Beecber's  specimen.    I  cannot  say,  not  having  observed  it  at  the  time* 
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whether  or  not  the  arrangement  is  exactly  as  in  plate  7,  figure  42.  but 
should  say  that  it  was  essentially  the  same.  In  one  of  these  specimens, 
from  Licking  county,  Ohio,  which  is  preserved  entire,  the  ambulacra  are 
much  broader  on  the  ventral  aspect  and  are  decidedly  narrower  near  the 
dorsal  area.  The  other  specimen,*  which  is  from  Meadville,  Pennsyl- 
vania, is  flattened  on  the  rock  and  represents  the  dorsal  portion  of  the 
corona.  The  plates  on  the  lower  or  ventral  portion  of  this  specimen  are 
rounded  and  imbricating,  but  near  the  dorsal  portion  they  are  hexagonal 
and  less  imbricate,  and  close  to  the  dorsal  termination  of  the  areas  are 
nearly,  and  in  some  cases  perhaps  actually,  rhombic  in  form,  closely  re- 
sembling the  plates  of  the  same  region  in  MeUmiles  (plate  3,  figure  13); 
they  are  very  small  and  need  to  be  studied  critically. 

This  rhombic  and  hexagonal  form  of  the  dorsal  or  newly  added  plates 
of  Lepidechinu8  rarispinvSj  it  seems,  is  an  important  character,  for  in  it  we 
have  newly  added  or,  so  to  speak,  young  plates  which  have  characters  seen 
normally  in  less  specialized  genera.    The  peculiar  scale-like  and  imbricat- 
ing character  appears  later,  when  the  plate  has  been  considerably  removed 
from  the  dorsal  area  by  the  intercalation  of  later  added  plates.    An  im- 
portant fact  bearing  directly  on  this  problem  is  Mr  Agassiz's  observation 
(Challenger  Echini,  page  75),  that  young  Phorraosoma  and  A$theno9omaT 
show  only  the  slightest  possible  lapping  of  the  edges  of  the  plates  of  the 
corona,  and  it  is  only  in  somewhat  later  stages  that  the  lapping  ot  the 
sutures  becomes  apparent.    This  change  in  the  form  of  plates  in  Lepi- 
dechinua  reminds  one  strongly  in  the  implied  principles  of  growth  of  the 
change  in  form  of  plates  of  some  crinoid  stems.    In  modern  Pmtacrinm 
and  Metacrinus  the  plates  of  the  older  part  of  the  stem  are  nearly  round : 
but  the  plates  close  up  under  the  calyx,  which  are  the  new,  last  added 
plates,  are  strongly  pentagonal,  resembling  closely  the  form  of  plates  seen 
throughout  the  length  of  the  stem  in  the  Jurassic  genus  Extrojcrinus.    We 
have  in  this  structural  development  of  the  crinoid  stem  apparently  a  direct 
phylogenetic  feature,  in  which  the  young,  newly  added  plates  throughout 
the  life  of  the  individual  resemble  the  plates  of  the  entire  stem  in  ancient 
representative  types.    It  is  a  curious  and  important  feature  of  stages  in 
growth — a  sort  of  continual  rejuvenation  in  a  localized  part — which  has 
not,  so  far  as  known,  been  made  use  of  in  phylogenetic  studies.    In  Lepi- 
dechinus  rarispinics  I  would  venture  the  suggestion  that  the  rhombic  and 
hexagonal  plates  of  the  dorsal  area  in  a  measure  have  phylogenetic  sig- 
nificance and  indicate  that  the  species  was  derived  from  forms  which  did 
not  have  imbricating  plates.    This  is  in  accordance  with  what  we  might 

*  This  specimen  is  the  original  of  plate  9,  figure  10,  of  the  Twentieth  Report,  Newr  York  State 
Cabinet  * 

t  Recent  deep-sea  members  of  the  Echinothuridfls. 
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expect,  that  forms  with  scale-like  imbricating  plates  are  specialized  not 
primitive  types  * 

Conclusions. 
general  results  and  tbbir  bearing. 

Under  conclusions  I  would  first  consider  the  general  rftults  arrived  at 
in  these  studies  and  the  bearings  of  the  same.  In  the  second  part  a  new 
classification  is  offered  as  the  result  of  this  investigation.  In  the  preced- 
ing pages  the  facts  have  been  described  and  adhered  to  as  closely  as  it 
was  in  my  power  to  do.  Some  conclusions  are  introduced,  but  only  such 
as  seemed  fully  warranted  and  endorsed  by  the  facts.  In  this  chapter 
on  *'  General  Results  and  their  Bearing  "  I  introduce  some  more  theo- 
retical conclusions  which  from  their  nature  are  not  so  capable  of  proof 
and  which  I  purposely  avoided  in  the  main  body  of  the  text. 

The  late  Prof(^sor  Sven  Lov6n,  in  his  important  work  Echinologica  (27), 
says  on  page  17  : 

**  In  all  the  Echinoidea  the  growth  of  the  corona  is  effected  by  new  plates  being 
SQCcessively  added  at  the  aboral  termination  of  the  ambulacra  and  the  interradia, 
and  by  their  increasing  in  size  and  solidity.  As  long  as  the  animal  lives,  there  is  at 
work,  more  or  less,  in  every  part  of  its  frame  a  continuous  movement  of  reabsorp- 
tion  and  renewal,  of  taking;  on  one  form  and  losing  it  for  another,  all  in  accordance 
with  the  morphological  canon  of  the  species,  and  this  process  is  perhaps  nowhere 
more  conspicuous  than  in  the  corona  of  the  Cidaridse  and  Echinidae." 

This  statement,  if  accepted  without  careful  consideration,  might  be 
taken  to  mean  that  from  the  study  of  the  corona  of  an  adult  we  could 
tell  nothing  as  to  what  changes  it  had  passed  through  and  what  was  the 
condition  of  the  young,  and  this,  as  I  think,  I  have  proved  would  not  be 
true.  To  analyze  Professor  Lov^n's  statement,  all  addition  of  plates  to 
the  corona  takes  place  dorsally  close  to  the  genital  ring ;  therefore  the 
plates  at  this  area  are  the  youngest  plates  and  all  other  plates  of  the 
corona  are  older  in  progressively  increasing  degree  as  we  pass  ventrally. 
Plates  increase  in  size  and  thickness  because  the  plates  of  the  test  are 
really  internal  structures  and  may  receive  additions  by  increment  on  the 
proximal  and  distal  aspects  as  well  as  on  the  sides  of  the  plates.  A  good 
example  of  this  is  seen  in  the  initial  plate  1'  of  the  interambulacrum  of 
modern  Echinarachnivs  or  the  Devonian  Lepidechimis  (plate  7,  figure  42). 
^Vhen  first  formed  this  plate  must  have  been  very  tiny,  but  in  an  adult  it 
is  relatively  large,  but  still  retains  about  the  same  angles  of  contour  of  this 

"Since  the  above  wm  written  Mr  Charles  Sohuohert,  of  the  National  Museum,  generously  handed 
over  to  me  for  inspection  some  very  perfect  specimens  of  Lepidechinu$  which  Professor  Beecher 
^d  loaned  him  for  stu<ly.  This  material  corroborates  what  statements  have  been  made,  and  also 
*howg  many  additional  details  of  structure. 
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plate  as  seen  in  young  stages  of  other  genera.*  There  is  at  work  a  coiv 
tinual  resorption  and  renewal,  a  taking  on  of  one  form  and  losing  it  for 
another,  etcetera.  This  at  first  sight  seems  to  work  havoc  with  any  pos- 
sibility of  following  stages  in  growth  from  an  adult  corona,  but  we  think 
not  for  the  Palseechinoidea  in  most  cases,  at  least.  Resorption  takes  place 
principally  at  tl^e  ventral  border  of  the  corona,  being  a  consequence  of  the 
encroachment  of  the  peristome.  This  is  markedly  seen  in  Slrongyhy- 
cenirotus  (plate  3,  figures  8,  9),  Cidaris  and  Archxocidaris  (plat«  8,  figures 
43, 47  and  48.  and  plate  9,  figure  55).  In  other  cases  little  or  no  ventral 
resorption  takes  place,  as  in  most  of  the  Exocyclica,  Pholidocidam 
(plate  9,  figure  54)  and  Lepidechinua  (plate  7,  figure  42).  Resorption  in 
other  parts  of  the  corona  as  understood  would  for  the  moat  .part  be  the 
resorbing  of  one  set  of  surface  spine  bosses  (and  concurrently  the  spines 
themselves,  probably)  and  replacing  them  by  another  set  of  perhaps  dif- 
ferent form  or  number,  as  in  Qidaris  (discussion,  page  215).  It  is  possible 
that  the  outline  of  plates  may  change  in  this  process  of  resorption  and 
growth.  For  example,  in  Meloniies  (plate  3,  figure  14)  the  initial  plate  of 
column  8  when  young  may  have  had  the  normal  pentagonal  form,  as  in 
figure  15,  and  later  have  taken  on  the  peculiar  hexagonal  form  shown  in 
figure  14,  This  is  a  kind  of  change  which  we  cannot  prove  one  way 
or  the  other  from  the  study  of  the  adult.  The  plates  themselves  only 
disappear  by  resorption  very  rarely.  Professor  Lov^n  has  shown  in  his 
^'  Etudes  "  (plate  51)  that  in  the  adult  of  Arachnoides  placenta  L.  the  single 
initial  plate  of  the  interambulacra  is  retained  in  only  one  area,  whereas 
in  the  young  this  plate  exists  in  all  5  areas.  At  the  same  time  the  initial 
row  of  primitive  ambulacral  plates  are  retained  throughout  life.  This  is 
a  case  in  which  4  initial  interambulacral  plates  have  apparently  disa^v 
peared  by  intercoronal  resorption.  No  other  case  of  removal  of  plates 
of  the  corona  by  resorption  has  been  met  with  excepting  that  caused  by 
the  encroachment  of  the  peristome.  On  account  of  the  very  definite 
form  of  coronal  plates  seen  throughout  species,  genera  and  families  of 
Paleozoic  Echini,  I  think  it  may  be  properly  assumed  that  while  plates 
grow  by  enlargement,  the  relative  form  of  plates  in  this  group  is  constant 
throughout  the  life  of  the  individual. 

Professor  Lov^n  (25)  adopted  a  system  of  notation  of  interambulacral 
plates  of  the  corona  in  which  he  numbers  the  several  plates  as  added 
according  to  the  row  in  which  they  occur.  The  system  of  notation 
adopted  in  this  and  the  preceding  paper  difiers  from  his  in  that  the 
column  rather  than  the  row  is  the  basis  of  numbering.     In  the  acconi- 

*The  proKressive  increase  in  else  of  this  first  plate,  without  any  considerable  change  in  form  I 
have  traced  in  a  quite  complete  series  of  developing  Eehinaraehnius  parma,  varying  from  a  f«' 
millimeters  in  diameter  to  the  completed  adult.  The  same  fact  may  be  traced  in  a  number  of  Pro- 
fessor Lov^n's  figures  of  developing  Echini  (see  his  "  Etudes  '*). 
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panying  figures  interambulacral  plate  1'  is  the  equivalent  of  Professor 
Loven's  plate  1,  and  plates  1  and  2  are  the  equivalents  of  his  plates  2.  He 
does  not  figure  in  his  **  Etudes  "  any  genera  with  more  than  two  columns 
of  plates,  and  therefore  no  further  comparison  with  his  notation  needs 
to  be  made. 

The  later  or  postembryonic  stages  in  growth  in  animals  are  most  impor- 
tant to  study,  from  the  light  they  throw  on  morphology  and  the  ontogeny 
of  the  individual,  as  well  as  the  phylogeny  of  the  group.  This  line  of 
investigation  has  pelded  most  fruitful  results  and  needs  no  excuse. 
There  are  two  methods  of  studying  stages  in  growth.  One,  and  obvi- 
ously the  best,  is  to  get  actual  young  in  progressively  advancing  stages 
in  growth.  The  other  method,  which  has  been  employed  in  some  groups, 
is  to  ascertain  the  stages  through  which  an  animal  has  passed  by  study- 
ing the  form  and  lines  of  growth  of  relatively  older  or  adult  individuals. 
This  method  of  study  has  been  employed  in  moUusks,  brachiopods  and 
somewhat  in  corals.  Good  examples  in  which  the  condition  of  the 
young  may  be  ascertained  by  studying  lines  of  growth  are  Nautilus^  Ver- 
itietus,  Hinnites  and  LingiUa.  In  Crustacea  which  shed  the  hard  cuta- 
neous covering  with  advancing  age,  actual  young  must  be  had  for  a  study 
of  the  development. 

In  echinoderms  the  conditions  are  somewhat  complex,  and  vary  in 
dififerent  parts  of  the  skeleton.    Purely  internal  hard  parts,  as  teeth,  per- 
pendicular supports  between  the  upper  and  lower  sides  of  the  test,  as  in 
Meoma,  etcetera,  must  increase  in  size  by  a  combined  process  of  resorp- 
tion and  growth,  such  as  we  get  ordinarily  in  the  bones  of  a  vertebrate, 
and  probably  could  not  by  any  means  be  made  to  yield  stages  when 
studied  in  an  adult.    The  plates  of  the  corona  of  an  echinoderm  are  quite 
a  different  matter,  however.    These  plates,  especially  the  interambulacral, 
are  found  at  quite  definite  positions  in  the  corona,  as  shown  in  Mehnites 
(plate  2,  figure  2)  and  other  genera.    While  the  actual  form  of  the  plates 
may  be  modified  by  growth  and  sometimes  by  resorption,  the  existence 
of  the  plate  in  itself  is  an  important  factor,  even  if  it  has  sometimes  suf- 
fered alterations.    Professor  Ix)v4n  has  shown  (27)  from  a  study  of  actual 
young,  that  certain  plates  of  the  corona,  which  make  up  the  two  inter- 
ambulacral columns  of  modern  Echini,  occur  and  apparently  originated 
at  stated  intervals  in  the  development  of  the  individual,*  and  he  com- 
pares these  young  plates  with  plates  found  at  the  ventral  border  of  adult 
types,  the  Clypeastroids  and  Spatangoids,  which  have  similar  plates.    It 

*  *8«e  LoT6a*s  figares  in  the  **  Echinologica"  of  OoniocidarU^  Strongploeenirotus  (reproduced  in 
thia  paper,  figares  3  and  6.  page  234,  nnd  plate  3,  figures  8  and  9) ;  also  Bchinus,  and  especially  a 
yoasg  Echinoid  on  page  11  of  his  paper.  In  this  last  figure  LoT^n  shows  that  the  corona  at  an 
«arly  stage  consists  of  the  first  row  of  10  ambulacral  plates,  succeeded  by  the  6  initial  plates  of  the 
loterarabolaeral  areas,  no  other  coronal  plates  apparently  having  yet  appeared. 
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is  merely  carrying  this  principle  further,  and  I  think  is  straining  no  argu- 
ment, to  say  that  the  introduction  of  columns  of  plates,  hoth  interambu- 
lacral  and  ambulacral,  in  MeUmites  (plate  2,  figures  2  and  4),  Oligopmu 
(plate  6,  figure  25)  and  other  types,  indicate  stages  in  growth  through 
which  the  individual  has  passed  in  its  development. 

Accepting  this  principle,  that  stages  in  growth  maybe  ascertained  bv 
a  study  of  the  adult,  it  is  necessary  to  see  what  are  its  limitations.  It  is 
the  plates  themselves,  and  not  their  form,  which  are  claimed  as  marking 
stages.  The  outlines  of  plates  during  increase  in  size  may  suffer  changes, 
as  discussed,  but  in  Palseechini  it  does  not  seem  that  they  could  hare 
altered  much,  for  the  form,  especially  of  interambulacral  plates,  is  very 
definite  in  almost  all  cases  (see  Melonitea,  plate  2,  figure  2),  and  is  just 
that  form  which  is  required  by  the  mechanical  conditions  of  impact, 
which  conditions  would  have  been  nearly  or  quite  the  same  in  the  young 
as  in  the  adult.  The  surface  ornamentation  of  plates  cannot  probably 
be  used  in  the  study  of  stages  of  an  adult,  as  it  is  subject  to  much  altera- 
tion, as  pointed  out  by  Professor  Ix)v6n  (27).  From  a  study  of  the  adult 
we  can  ascertain  the  anatomy  of  the  initial  beginning  of  the  corona^  at 
least  in  general  terms,  when  no  resorption  has  taken  place,  as  in  Echi- 
narachnius  and  Lepidechinxis  (plate  7,  figure  42),  or  if  the  peristome  has 
by  its  advance  resorbed  the  ventral  border,  we  then  have  the  ventral 
border  wanting  to  a  greater  or  less  extent,  as  in  Mdonites  (plate  2,  figure  3), 
ArchseocidariSf  and  Cidaris  (plate  8,  figures  44,  45,  47,  48,  and  plate  9, 
figure  55). 

Professor  Lov6n  in  his  "  Echinologica,"  page  18,  describes  the  anibu- 
lacral  plates  of  echinoids  as  forming  rapidly  and  from  the  pressure  caused 
by  their  own  increase  and  that  of  the  interambulacra,  the  plates  come 
gradually  to  change  their  place  relatively  to  the  interradials  and  glide 
downwards  toward  the  stomal  region,  where  by  resorption  they  are  dis- 
charged, as  it  were,  through  the  outlet  of  a  river  into  the  buccal  mem- 
brane. This  gliding  downward  I  confess  I  cannot  see  in  any  of  the 
types  studied.  If  it  took  place,  how  could  the  primitive  first  row  of 
ambulacrals  be  retained  around  the  oral  orifice  of  an  adult,  as  in  Bothri- 
ocidaria  (figure  4,  page  234)  and  in  Arachnoides  f  Also,  if  this  gliding  down 
took  place,  how  could  we  in  an  adult  find  stages  through  which  ambu- 
lacral  areas  had  passed  in  their  development,  as  shown  in  Mdonites  (plate 
2,  figures  2  and  4),  Lepidesthes  (plate  9,  figure  53)  and  Oligoporus  (plate 
6,  figure  25)  ?  Or  how  could  fan-shaped  ambujacral  plates  exist  at  defi- 
nite positions,  as  in  Oligoporus  missouriensis  (plate  9,  figures  50,  51)? 

Ambulacral  plates  in  echinoids,  on  account  of  their  relations  to  the  am- 
bulacral  tube-feet,  seem  to  be  more  important  structurally  than  interam- 
bulacral plates,  which  latter,  so  to  speak,  are  developed  to  fill  interme- 
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diate  space ;  therefore  the  greater  importance,  it  seems,  should  be  attached 
to  ambulacral  areas  and  their  variations.  Ambulacral  areas  originate 
in  the  young  as  2  simple  plates  in  all  known  Echini  excepting  Melo- 
niteis  and  Lqndesthea,  where  they  appear  to  originate  as  4  plates,*  and 
also  perhaps,  excepting  Pholidocidaris.  The  addition  of  more  columns 
of  plates,  as  in  Oligopams,  or  the  production  of  compound  plates,  as  in 
Strongylocentrotua^  takes  place  during  the  later  stages  in  growth  of  the 
corona,  as  shown  by  Mr  Alexander  Agassiz  (1),  Professor  Lov6n  (27),  and 
in  the  present  paper.  Therefore  two  columns  of  plates  may  be  ac- 
cepted as  the  usual  characteristic  of  the  whole  class,  which  finds  its  rep- 
resentative in  the  majority  of  adults,  in  nearly  all  young,  and  in  the 
adult  of  the  simplest  and  oldest  known  type,  Bothriocidaris. 

Interambulacral  plates,  as  stated,  are  considered  of  secondary  impor- 
tance in  the  development  of  the  corona,  but  they  yield  most  important 
facts,  and  especially  in  the  Palfieechinoidea  are  useful  in  separating  and 
tracing  the  systematic  relationships  of  species  and  genera.  Interambu- 
lacral areas  in  all  echinoids,  as  formulated  by  Professor  Lov^n  (27)  and 
as  shown  in  several  genera  in  this  paper,  originate  ventrally  in  a  single 
l)late.  This  single  plate  is  shown  in  the  young,  and  in  the  adult  where 
no  ventral  resorption  of  the  corona  has  taken  placet  Only  one  genus 
id  known  which  has  a  single  column  of  interambulacral  plates  in  the 
adult,  and  that  one  is  BothriocidaTia.  This  Lower  Silurian  genus  there- 
fore assumes  especial  importance,  for  the  development  of  both  ambu- 
lacra and  interambulacra  and  the  geological  position  of  the  type  all  point 
to  it  as  representing  the  simplest  known  and,  within  the  limitations  of 
the  group,  perhaps  the  simplest  conceivable  echinoid. 

The  figures  3, 4, 5,  page  234,  show  the  relations  of  Bothriocidaris  as  a  type 
to  Gonioddaris,  which  represents  one  great  group  of  Echini  characterized 
by  2  columns  of  ambulacral  and  interambulacral  plates.  For  representa- 
tives of  the  other  group  of  Echini,  characterized  by  2  or  more  columns 
of  ambulacral  and  3  or  more  columns  of  interambulacral  plates,  refer- 
ence should  be  made  to  the  figures  of  Mdoniies,  Oligoporus,  Archaeocidaris^ 
LepidechiniLS  and  other  genera,  illustrated  in  figure  1,  page  164;  figure  1, 
page  191,  and  accompanying  plates.  Attention  is  also  directed  to  the 
systematic  classification  table  facing  page  242.  The  initial  plate  1'  of 
Bothriocidaris,  figure  4,  does  not  have  an  apex  dorsally,  as  in  all  other 
Echini,  but  this  is  obviously  the  result  of  the  dynamic  conditions,  for  Both- 
riocidaris does  not  have  two  plates  in  the  second  row  like  all  other  known 

*  Pour  plates  are  always  found  at  the  ventral  border  of  Melonttet^  but  some  resorption  of  the 
corona  has  taken  place,  and  it  is  possible  that  the  4  plates  would  be  found  to  pass  into  two,  as  in 
Oiigoponu,  if  yoang  specimens  could  be  obtained,  as  discussed  on  page  142. 

t  Except  in  Araehnoidest  as  discussed  on  page  230,  where  4  initial  interambulacral  plates  have 
disappeared  in  the  adult  from  intercoronal  resorption. 
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genera,*  In  this  figure  of  Bolhrioddaris  the  two  pores  in  the  ambulacra! 
plates  are  arranged  in  a  horizontal  plane.  This  arrangement,  according 
to  Jaekel  (20),  is  incorrect,  and  he  figures  a  specimen  with  the  ports 
lying  in  a  vertical  plane.  Jaekel'a  figure  would  not  serve  niy  pur|)Ose, 
so  I  copied  Schmidt's,  and  of  course  could  not  properly  alter  the  position 
of  the  pores. 

In  Goniocidaris  (figure  3)  there  is  a.  single  row  of  10  ambulacral  phive 
around  the  mouth  instead  of  2  rows,  as  in  Bothrwcidam  (figure  4).  Suc- 
ceeding this  row  there  is  a  row  of  10  ambulacral  and  5  interambulacral 
plates,  as  in  Bolhriocidaris.  In  the  third  and  succeeding  rows  of  Gonioci- 
daris there  are  10  interambulacral  plates  (figure  &}  instead  of  5,  as  in 
Bothriocidaris.  In  adult  Gotiiocidaiis  and  other  membera  of  ita  family 
the  ambulacral  plates  are  low,  with  2  pores,  and  many  plates  impinge  on 
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a  single  interambulacral  plate  (plate  8,  figures  47,  48) ;  also  the  inter- 
ambulacral plates  of  the  adult  are  nearly  or  quite  pentagonal  in  form. 
In  theyoung  (figure  5),  on  the  contrary,  the  ambulacral  plates  are  nenrfy 
as  high  as  the  interambulacral ;  further  they  are  hexagonal  and  have  l)ut 
a  single  pore.  The  interambulacral  plates  of  theyoung  are  hexagonal 
(figure  5)  instead  of  pentagonal.  The  relative  form  of  the  plates  in  young 
Qofdncidnrig  is  almost  exactly  the  same  as  in  the  primitive  type,  Bolhrio- 
cidaris (figure  4).  The  Cidaridte  are  practically  unchanged  in  essentisl 
features  from  their  earliest  appearance  in  the  Permian  to  the  present 
day.  With  the  present  understanding  of  the  group,  this  family,  <^ 
evinced  by  the  structure  and  development  of  the  corona  (as  shown  in 
Lov^n's  figures),  is  the  simplest,  lea^t  differentiated  member  of  the  Echini 
excepting  Bolhriocidaris. 
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After  the  initial  interambulacral  plate  1'  (figures  3  and  4),  in  the  further 
development  of  the  interambulacrum  we  have  more  plates  built,  and  in 
all  echinoids  above  Bothriocidaris  more  columns  as  well.  The  number 
of  eolunins  acquired  varies  within  wide  limits,  from  2  in  Oidaris  to  11  in 
Lepidechinua  rarisplnus^  but  the  extent  to  which  new  columns  are  added 
in  the  Pal^eechimidea  varies  very  much  in  dififerent  types,  as  shown  in  the 
table,  facing  page  242. 

The  early  stage  in  which  we  find  a  single  interambulacral  plate,  to- 
gether with  two  ambulacral  plates,  in  each  area  is  so  important  that  it  is 
desirable  to  give  it  a  name,  the  protechinus  *  stage.  The  protechinus  is 
an  early  stage  in  developing  Echini,  belonging  to  the  phylembryonic  t 
period,  in  which  the  essential  features  of  the  echinoid  structure  are  first 
evinced.  It  is  a  period  in  the  developing  young  in  which  we  find  the 
ambulacral  areas  consisting  of  2  vertical  columns  of  plates,  the  inter- 
ambulacra  consisting  of  a  single  plate,  and  in  so  far  representing  a  single 
column  of  plates.  This  stage  is  known  in  the  young  of  Gonioddaris  (figure 
3,  page  234),  Strong ylocentrolus  (plate  3,  figure  8),  Echinus,  Spatangoids 
and  Clypeastroids,  OligoporusX  (plate  6,  figure  26),  Mdonites  (plate  3, 
figures  10,  11),  Pholtdf)cidaris  (plate  9,  figure  54)  and  Lepidechinua  (plate 
7,  figure  42).  This  stage  finds  its  adult  representative  in  Bothrioddaris 
(figure  4,  page  234),  which  has  2  columns  of  ambulacral  and  1  of  inter- 
ambulacral plates  in  each  area  throughout  life. 

This  protechinoid  stage  of  echinoderms  is  comparable  as  a  stage  in 
growth  to  a  similar  stage  which  is  expressed  in  the  protegulum  of 
brachiopods,  the  protoconch  of  cephalous  moUusks,  the  prodissoconch 
of  pelecypods,  and  the  protaspis  of  trilobites. 

The  next  stage  in  growth  is  marked  by  the  introduction  of  the  second 
row  of  interambulacral  plates.  In  all  forms  above  Bothrioddaris  this 
stage  has  2  plates  in  each  interambulacrum  succeeding  the  first  initial 
plate,  excepting  Tiarechinm^  which  has  3  plates.  This  period  is  still 
generalized,  and  does  not  indicate  to  which  great  group  of  Echini  the 
developing  young  belongs,  excepting  in  so  far  as  it  excludes  Bothrioddaris 

*Prom  wpmrot^  primitive,  and  tx^'vot,  echinus.  This  name  comes  rather  close  to  Protoechinut, 
which  was  given  as  a  generic  name  by  Austin.  His  genus  is,  however,  included  by  Dr  Duncan  (9) 
M  a  synonym  of  PakeeefUnus,  so  that  it  in  not  likely  to  be  used  in  future ;  also,  the  name  of  a  stage 
sod  a  genae  need  not  be  confused,  for  from  the  context  the  identity  would  be  clear,  and  the  stage 
name  would,  moreover,  be  spelt  with  a  small  letter  instead  of  a  capital. 

tThe  phylembryo  is  a  name  given  by  Jackson  to  an  early  period  in  development,  yet  having 
eh&ractera  which  render  the  embryo  referable  to  the  class  or  phylum  to  which  it  properly  belongs. 
Robert  Tracy  Jackson :  Phylogeny  of  the  Pelecypoda,  Mem.  Bost.  Soc.  Nat.  Hist.,  vol.  iv,  no.  vlii, 
1890. 

t  In  OUgoporut  and  Mtlonites  the  initial  single  plate  is  known  only  from  angles  for  its  reception 
(see  pp.  144  and  192);  also  in  Melonitet  this  early  stage  is  complicated  by  the  accelerated  develop- 
meat  of  the  ambulacra,  for  instead  of  2  columns,  4  columns  exist  at  the  protechinus  stage 
(plate  3,  figure  11). 

XXVIXI— Bull.  Gkol.  Soc.  Am.,  Vol.  7,  189ft. 
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and  Tiarechinus.  When  the  third  row  of  interambulacral  plates  develop, 
if  it  still  has  2  plates,  then  the  developing  young  belongs  to  the  order 
Euechinoida,  but  if  it  has  3  plates  in  this  row,  then  the  young  Echinodeitu 
is  a  member  of  the  order  Perischoechinoida.  During  further  development 
of  both  ambulacra  and  interambulacra  in  the  Perischoechinoida  we  get 
progressively  added  those  features  which  differentiate  the  genera  and 
species  of  the  families,  as  has  been  traced  in  detail  in  preceding  pages. 

The  way  in  which  the  development  of  the  ambulacrum  may  be  made 
use  of  in  tracing  the  morphological  and  phylogenetic  relations  of  genera 
is  shown  under  the  discussion  of  Oligoponis,  where  it  is  shown  in  the 
text  and  by  the  diagram  (figure  1,  page  191)  that  the  several  genera  of  the 
Melonitidse  may  be  placed  in  a  natural  sequence  by  the  characters  evinced 
in  the  structure  of  the  plates  of  the  ambulacral  areas  at  the  ventral  border 
and  the  ambitus. 

In  regard  to  the  use  of  the  interambulacral  development,  its  first  col- 
umns built,  numbers  1,  2,  3  and  4,  are  important  as  structurally  diag- 
nosing the  larger  divisions  of  the  Echini  to  which  the  animal  belongs. 
After  the  fourth,  the  addition  of  other  columns  is  chiefly  of  value  as  aid- 
ing in  the  proper  systematic  placing  of  species  in  the  genus,  for  species 
with  a  higher  number  of  columns  have  evidently  passed  through  stages 
represented  by  the  adults  of  species  with  a  lower  number  of  columns, 
whence  those  species  with  more  columns  are  further  removed  in  the  line 
of  development  from  the  parent  stock.*  This  use  of  progressive  increase 
in  the  number  of  columns  is  illustrated  in  the  arrangement  of  species  of 
Melonltidse  and  other  genera  in  the  table  facing  page  242. 

In  Paleozoic  Echini  the  part  which  the  peristome  has  played  in  its 
encroachment  on  the  corona  by  resorption  or  the  absence  of  this  en- 
croachment is  an  important  character.  In  embryos  of  modern  Echini, 
according  to  Lov6n,  and  in  the  genus  Bothrlocidaria,  the  ventral  border  of 
the  corona  is  intact.  From  this  condition,  which  we  will  call  primitive, 
we  get  various  departures.  In  the  principal  series  of  Paleozoic  Echini 
which  advance  in  the  regular  line  of  variation  of  the  group  without  aber- 
rant specializations  we  find  a  greater  or  less  amount  of  resorption.  These 
groups  are  the  Melonitidse,  which  have  apparently  one  row  of  plates  re- 
sorbed  {Mdonites,  plate  2,  figure  2,  OUgoporus  plate  6,  figure  25);  the 
Archajocidaridae,  which  have  several  rows  of  plates  resorbed  (Ardueoci- 
daris,  plate  8,  figures  43  to  45),  and  Cidarids  (plate  8,  figure  47),  which  also 
have  several  rows  of  plates  resorbed.  In  the  aberrant  groups  of  Paleozoic 
Echini  which  are  not  in  the  regular  line  of  variation  of  the  group  we  get 

•  Of  course  this  should  not  be  taken  to  nnean  that  all  species  with  a  smaller  number  of  colamos 
are  the  ancestors  of  species  with  a  higher  number;  they  may  or  may  not  have  been ;  but  what  it 
does  mean  is  that  these  specios  are  by  this  means  systematically  located  as  more  or  less  ndrsoceii 
in  the  special  line  of  variation  of  the  genus. 
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either  no  or  very  slight  resorption  of  the  corona,  and  this  is  the  more 
striking  as  the  several  groups  are  widely  separated.  These  groups  are 
characterized  by  imbricating  plates  (except  Tlarechinica,  in  which  plates 
are  not  imbricated).  The  groups  of  Palceechini  which  have  no  or  very 
slight  resorption  of  the  corona  are  the  Cystocidaroida  (Echinocystites, 
figured  by  Thomson  (39)),  the  Plesiocidaroida  (Tiarechinus,  see  figures 
by  Lov^n  (26)),  the  Lepidocentridse  (Lepidechintis,  plate  7,  figure  42)  and 
the  Lepidesthidse  (Pholidocidains,  plate  9,  figure  54) ;  compare  with  table 
facing  page  242.  These  several  groups  of  echinoids  are  irregular  in  being 
specialized  in  several  aberrant  characters  as  compared  with  their  nearest 
normal  allies.  The  group  of  the  Paleozoic  Echini,  therefore,  seems  to 
present  3  natural  divisions  as  regards  relations  to  the  peristome :  primi- 
tive, with  no  resorption  (Bothriocidaris) ;  progressive,  with  more  or  less 
resorption,  and  aberrant,  with  no  or  very  slight  resorption*  (see  page  144). 
Imbrication  of  coronal  plates  is  a  feature  which  appears  as  a  character 
in  several  groups  of  Paleozoic  echinoids.  It  is  seen  well  developed  in 
the  Lepidocentridse,  the  Lepidesthidsa,  and  the  Cystocidaroida  among 
the  Pal£eechinoidea.t  Appearing  in  such  widely  separated  types,  it  ap- 
pears that  imbrication  is  a  variation  built  up  on  independent  lines. 

All  the  genera  of  the  Palseechinoidea,  as  far  as  known,  start  with  a 
single  plate  at  the  ventral  border  of  the  interambulacrum,  and  above 
Bothriocldaria  all  increase  to  several  (^TlarechintLs)  or  many  columns  in 
the  adult.  None  of  these  types  show  evidence  of  a  return  from  a  many 
column  to  a  few  column  type  except  in  so  far  as  indicated  in  the  early 
dropping  out  of  the  fourth  column  in  Lepideatlies  worihem  (plate  9,  figure 
o3),  and  as  slightly  indicated  in  the  dropping  out  of  the  eleventh  column 
near  the  dorsal  border  in  Mdonitea  giganteua  (plate  5,  figure  21),  and  the 
brief  period  of  existence  of  the  sixth  column  in  Oligoporous  misaourierma 
(plate  9,  figure  50).  They  all,  therefore,  apparently  culminate  in  these 
extreme  forms. 

The  Euechinoidea  as  representedby  Cldaris  (page  234),  in  the  develop- 
ment of  the  corona  show  strong  evidence  in  both  ambulacral  and  inter- 
ambulacral  areas,  pointing  toward  Bothriocidaria  as  a  parent  form.  In  the 
Upper  Silurian  and  Devonian  we  know  only  a  few  aberrant  types,  so  that 
we  must  suppose  that  intermediate  forms  between  the  primitive  Bolhriod- 
darU  and  the  several  derivative  types  are  at  present  quite  unknown. 
Tetracidaris  in  the  Cretaceous  has  4  columns  of  plates  in  the  lower  part 

*0f  the  Exocjclica  in  the  sbbclMS  Euechinoidea  we  have  no  Paleozoic  representatiyes.  This 
fcroQp  M  a  whole  is  characterized  by  retaining  in  the  adult  the  single  initial  plates  of  the  interam- 
balacral  areas,  as  in  aberrant  types  of  Paleeechinoidea,  see  numerous  figures  by  A.  Agassis  (3), 
LoT«n  (25),  Clark  (6)  and  others.  In  this  group,  the  Exocycllca,  also  we  have  specialised  features, 
as  bilateral  symmetry,  an  eccentric  periproot  and  peculiarities  in  the  form  and  arrangement  of 
plates  and  spines  not  seen  in  regular  forms  (Endocyclica)  of  its  subclass. 

t  Imbrication  is  also  a  feature  of  the  Cretaceous  and  Recent  family,  the  Echinothuridse  in  the 
Eaechiaoldea. 
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of  the  corona,  and  in  later  growth  these  drop  out  to  2  columns.  This 
looks  like  a  derivation  from  some  Paleozoic  form  with  many  columns  of 
interambulacral  plates,  but  the  genus  is  so  little  known  that  any  conclu- 
sions with  present  knowledge  would  be  hazardous. 

Mr  Agassiz,  in  his  **  Revision  of  the  Echini,"  page  645,  in  writing  of  the 
Paleozoic  Echini,  says :  "  No  writer  thus  far  has  as  yet  succeeded  in  homol- 
ogizing  these  Echini  with  our  recent  Echini ;  the  structure  of  the  ambu- 
lacral  and  interambulacral  system  finding  no  parallel  apparently  in  any 
of  the  recent  Echini."  Further  on,  at  page  650,  he  says  of  the  Paleozoic 
Echini :  "  We  know  nothing  as  yet  of  the  mode  of  formation  of  the  addi- 
tional rows  of  plates  either  in  the  ambulacral  or  interambulacral  system ; 
this  would  throw  great  light  on  the  homologies  of  this  suborder."  It  i:? 
hoped  that  the  present  contribution  may  be  accepted  as  solving  some  of 
the  difficulties.  A  study  of  young  specimens  is  most  important  for  a 
positive  statement  in  regard  to  the  changes  passed  through  in  the  on- 
togeny of  the  individual,  which  has  here  been  traced  by  stages  in  nearly 
or  quite  adult  specimens.  Such  young  specimens  I  have  been  unable 
to  secure,  and  they  must  be  extremely  rare,  if  ever  found. 

A  PROPOSED  NEW  CLASSIFICATION  OF  PALEOZOIC  ECHINI,  WITH  A  SYSTEMATIC 

TABLE  OF  THE  SEVERAL  GROUPS. 

Basis  of  the  classification. — From  the  results  of  preceding  studies  it  is 
felt  that  a  natural  systematic  classification  of  Paleozoic  Echini  can  be 
based  on  the  features  of  the  anatomy  and  development  of  the  ambula- 
crum and  interambulacrum  and  the  relations  of  the  peristome  to  the 
ventral  border  of  the  corona.  While  these  features  are  the  main  ones, 
others  are  considered  in  the  minor  divisions  of  the  group,  such  as  imbri- 
cation of  plates,  the  form  of  the  plates  and  the  position  of  ambulacra! 
pores. 

This  classification,  which  is  presented  in  tabular  form,  is  distinctly  in- 
tended as  a  systematic  arrangment,  in  which  the  species,  genera,  families 
and  orders  are  arranged  so  as  to  express  their  structural  relations  in  a 
natural  order.  It  is  not  intended  as  a  phylogenetic  table.  While  the 
phylogeny  would  probably  follow  somewhat  similar  lines,  there  are  so 
many  great  gaps  that  it  could  not  be  stated  that  this  is  the  true  genea- 
logical history  of  the  group.  In  the  table  details  of  structure  are  given 
for  each  division  from  class  to  species,  so  that  in  this  consideration  of  the 
table  only  additional  and  general  features  will  be  discussed. 

Subclass  Pcdxechinoidea — Order  J,  Bothrix)cidaroida, — The  simplest 
known  member  of  the  Paleozoic  Echini  is  the  genus  BothrloHdark,  a^ 
discussed  in  previous  pages.  Its  order  should  therefore  form  the  d^ii 
division  of  its  subclass.  The  two  species  known  have  essentially  the 
same  characters. 
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Sfihcl^i88  Euechinoidea. — The  class  Echinoidea  is  divided  into  two  sub- 
classes— one,  which  is  limited  to  the  Paleozoic,  except  for  the  Triassic 
genus  Tlarechinua,  and  the  other,  which  is  known  from  the  Permian 
t*^  the  present  time.  On  the  accepted  bases  of  classification  this  sec- 
ond class,  the  Euechinoidea,  in  its  simplest  members,  as  represented 
by  ddaris,  is  nearest  to  the  primitive,  as  expressed  in  the  embryo  and 
the  genus  BoihrioddariSj  of  any  member  of  the  group.  The  Euechi- 
noidea are  represented,  as  at  present  known  in  the  Paleozoic,  only  by  a 
few  species  of  the  genus  Cidaria;  therefore  no  further  consideration  is 
given  to  this  group. 

Subdasa  Palasechinoidea — Order  11,  Perischoechinoida. — In  its  normal 
types  this  order  presents  a  distinct,  continuous  series,  varying  in  the  line 
of  progressive  addition  of  columns  of  interambulacral  or  ambulacral 
and  interambulacral  plates,  with  a  greater  or  less  resorption  of  the 
corona  by  encroachment  of  the  peristome. 

Melonitidffi. — Ambulacral  areas,  as  stated,  are  considered  the  most  im- 
portant structural  features;  therefore  as  the  family  Melonitidte  have 
the  greatest  advance  in  the  line  of  progressive  complication  of  this  part, 
they  are  considered  the  most  highly  evolved  group  of  the  Paleozoic 
Echini.  In  considering  this  family  careful  attention  is  called  to  the  dia- 
gram, figure  1,  page  191. 

RhoechinxLs  (see  figure  1,  page  191,  and  plate  7,  figures  36,  37  and  40) 
19  the  simplest  genus  of  the  family,  having  but  2  columns  of  ambulacral 
plates  in  each  area.  The  simplest  species  has  4  columns  of  interam- 
bulacral plates,  and  the  most  highly  specialized  species  has  8.  This 
highest  species,  R.  gracilis  (plate  7,  figure  36),  in  area  C  has  a  ninth  col- 
umn near  the  dorsal  area,  but  as  it  originated  so  late  and  in  only  one 
area  we  should  not  call  it  a  character  of  the  species  unless  found  in  other 
specimens. 

Pahsechinus  (see  figure  1,  page  191,  and  plate  7,  figures  38,  39)  is  fur- 
ther specialized  than  Rhoechinm,  having  the  beginning  of  that  condi- 
tion of  multiplication  of  ambulacral  plates  which  is  characteristic  of  the 
family  (see  diagram,  page  191).  We  cannot  say  that  there  are  2  columns 
of  plates  in  the  ambulacrum,  and  neither  should  we  like  to  call  it  4; 
therefore  in  the  table  the  ambulacral  columns  are  expressed  as  2+.  The 
simplest  species  has  5  columns  of  interambulacral  plates,  and  the  most 
specialized  species  has  from  6  to  7  in  each  area. 

Oligoporua  (see  figure  1,  page  191,  and  plate  6,  figures  25-34,  and  plate  9, 
figures  50-52)  is  the  third  genus  in  the  family  and  is  quite  well  known 
from  a  considerable  amount  of  good  material.  The  ambulacra  ventrally 
consist  of  2  columns  of  plates,  which  pass  into  4  columns  in  the  adult* 

*In  OUgoportu  dance  (plate  6,  figure  30)  there  are  a  few  additfonal  platesi  in  the  middle  of  each 
halfambalacrum. 
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by  a  process  of  drawing  out  (page  189).  The  simplest  species  has  4  col- 
umns of  interambulacral  plates  and  the  highest  species  has  9  columns, 
with  a  large  number  of  species  which  are  progressively  intermediate  in 
structure. 

Mel/mites  (see  figure  1,  page  164 ;  plate  2,  plate  8,  figures  10-17,  plates 
4  and  5)  is  the  best  known  of  all  Paleozoic  genera,  one  species,  3/.  midti' 
porus^  Norw.  and  Owen,  being  abundantly  represented.  It  is  the  study 
of  this  genus  that  gave  the  key  to  the  present  classification.  This  genu:: 
is  the  most  highly  difierentiated  in  the  direct  line  of  progressive  develop- 
ment of  both  ambulacra  and  interambulacra  of  any  of  the  Paleoioic 
Echini.*  The  ambulacra  have  ventrally  4  columns  of  plates  (see  page 
140),  which  are  comparable  anatomically  and  morphologically  to  the  4 
colum  ns  of  adult  OZ?^oporu«  (figure  1 ,  page  191 ).  During  development  new 
columns  of  plates  are  introduced  between  the  lateral  and  median  columns 
of  each  half  ambulacrum  (plate  2,  figure  4),  until  the  full  complement 
of  the  species  is  attained.  The  species  M.  dispar,  (Fischer),  has  6  columns 
of  ambulacral  plates,  and  on  this  basis,  as  well  as  having  the  least  num- 
ber, 4,  of  interambulacral  plates,  is  the  simplest  species  of  the  genus.  In 
its  adult  it  represents  a  very  early  stage  in  the  development  of  higher 
species  (plate  2,  figure  2,  and  plate  5,  figure  21).  The  two  species,  }f. 
indianen9i8,  Miller  and  Gurley,  and  M.  septenariuSy  Whitfield,  have  each  8 
columns  of  ambulacral  plates  in  the  adult.  The  latter  species  has  7  col- 
umns of  interambulacral  plates  (plate  9,  figure  49),  and  is  therefore  con- 
sidered the  more  specialized  of  the  two.  The  next  species,  M,  crw^n*, 
Hambach,  has  10  columns  of  ambulacral  and  5  of  interambulacral  plates. 
As  the  ambulacraare  considered  the  more  important  character,  this  species 
is  placed  above  M,  septenariit^,  although  that  species  has  2  more  columns 
of  interambulacral  plates.  M.  irregidarUy  Hambach,  has  from  6  to  10  col- 
umns of  ambulacral  and  from  5  to  7  of  interambulacral  plates.f  The 
next  species,  M,  midtipoms,  Norw.  and  Owen,  which  is  the  most  abundant 
of  all  Paleozoic  echinoids,  has  10  columns  of  ambulacral  plates  and  7,  ^ 
or  9  columns  of  interambulacral  plates.  This  variation  is  seen  in  dif- 
ferent individuals  and  even  in  different  areas  of  the  same  individ- 
ual (see  tables,  pages  165  to  170).  Mehniiei  giganteits,  Jackson,  has  1- 
columns  of  ambulacral  and  11  of  interambulacral  plates  (plate  4,  fij^ure 
19,  and  plate  5,  figures  21-24 ^  The  next  species,  M.  etheridgii,  W.  Keep- 
ing (21),  from  an  estimate  made  by  that  author,  has  12  or  14  columns  of 

*  Lepidoeentrus  and  LepideeKinut  each  in  oae  species  haye  11  columns  of  interambulacral  pUt<>«, 
so  that  in  thiii  single  feature  they  equal  the  highest  species  of  the  BCelonitide.  LepidctVut  eoUttti 
surpassed  any  species  of  Melonitet  in  having  18  or  perhaps  ao(?)  columns  of  ambulacral  plates. 

fThis  description  is  indefinite.  It  maybe  meant  to  read  that  the  smaller  number  is  st  the 
▼entral  portion  and  the  higher  number  at  the  ambitus,  or  further  dorsally,  which  would  be  in  ac- 
cordance with  the  condition  seen  in  the  structure  of  other  species. 
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ambulacral  plates  and  probably  9  columns  of  interambulacrals.  As  this 
apecies,  M,  elheridgii,  has  up  to  14  columns  of  plates,  it  is  by  our  accepted 
standard  the  most  specialized  species  of  the  genus. 

Lepidesthidse. — ^This  family  is  characterized  by  6  or  more  columns  of 
ambulacral  plates,  which  associate  it  systematically  near  to  the  Melo- 
nitidte ;  it  differs  from  the  Melonitidse  in  having  imbricated  plates  and 
pores  in  the  center  of  ambulacral  plates. 

Ijepidesthes  wortheni  (plate  9,  figure  53),  the  simplest  species,  has 
4  coliimns  of  ambulacral  plates  ventrally,  as  in  Mdonites  ;  they  increase 
to  7  or  8  columns  at  the  ambitus.  In  the  interambulacra  there  are  4 
columns  of  plates  ventrally,  decreasing  to  3  at  the  ambitus.  In  another 
specimen  there  are  3  columns  throughout  the  length  of  these  areas  (page 
208).  Another  species,  L.formoauSy  Miller,  has  8  ambulacral  and  5  inter- 
ambulacral  columns.  The  next  species,  L.  spectabilia,*  has  10  ambulacral 
columns,  as  has  also  the  third  species,  L.  coreyi,  M.  and  W.  The  most 
specialized  species,  L.  colletti^  White,  in  regard  to  ambulacral  develop- 
ment is  the  most  specialized  of  all  Paleozoic  Echini,  having  many  more 
columns  than  any  other  known  species. 

Pholidocidaris  (see  plate  9,  figure  54)  is  a  very  distinct  genus  on  account 
of  the  peculiarities  of  its  ambulacral  plates  and  the  irregularity  and  strong 
imbrication  of  both  ambulacral  and  interambulacral  plates.  Better  ma- 
terial in  this  genus  is  much  to  be  desired.  The  two  species,  P,  irregnlaris, 
M.  and  W.  and  meekL  Jackson,  are  about  on  a  par  as  regards  differentia- 
tion of  structure. 

ArchseocidaridsD. — ArchxoddariB  (plate  8,  figures  43-46)  as  a  genus  is  not 
characterized  by  a  great  development  of  interambulacral  plates  and  has 
only  2  columns  of  ambulacrals.  One  striking  feature  is  the  extensive 
resorption  of  the  ventral  border  of  the  corona  by  the  encroachment  of  the 
peristome,  as  shown  by  A,  wortheni.  Many  species  have  been  described 
from  dissociated  spines  and  plates,  but  obviously  they  are  wanting  in 
those  characters  which  would  enable  one  to  include  them  in  a  classifica- 
tion based  on  a  required  knowledge  of  a  more  or  less  complete  corona. 
ArchaeoddanM  wortheni.  Hall,  has  4  columns  of  interambulacral  plates. 
A,  drydenenM^VKXiXXJLQvci  has  7  columns  of  interambulacral  plates,  and  is 
therefore  placed  above  as  being  more  specialized. 

Lepidoeidaria  (see  plate  7,  figure  41)  in  the  sum  of  its  characters  is  placed 
close  to  Arehseocidaris,  but  it  has  more  than  2  columns  of  ambulacral 
plates.  These  additional  plates  were  apparently  formed  by  a  drawing- 
out  process,  as  in  Oligoporua  (compare  plate  7,  figure  41  and  plate  6, 
figure  25). 

Lepidocentridffi.— This  family  is  systematically  nearest  to  the  Archce- 

*ThU  speciofl  was  described  tm  ffyboeehimu  speetabilia.    See  statement,  page  207. 
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ocidaridse,  but  has  essential  di£ferenees  in  the  strongly  imbrica 
aeter  and  also  unusual  form  of  interambulacral  plates.    Anothe 
ence  of  significance  is  the  small  peristome  and  the  correlated  r 
of  the  initial  interambulacral  plate  in  the  adult  (Lqyideehinus, 
figure  42). 

Lepidoeentrus  (see  figure  2,  page  223)  is  considered  the  central  t] 
cause  its  interambulacral  plates,  though  specialized  in  form,  are 
the  usual  form  of  plates  seen  in  normal  types,  especially  the  yo 
cently  added  plates  at  the  dorsal  portion  of  the  corona  (see 
plate  3,  figure  13).  L,  rhenantcs,  Beyrich  is  considered  the  least 
ized  species,  because  its  interambulacral  plates  are  nearly  hexago 
therefore  show  less  modification  from  normal  types  than  the  other 
of  the  genus.  It  is  also  simpler  in  having  fewer  columns  of  in 
lacral  plates  than  the  next  species.  L.  mvUerij  Schultze  haa  11 
of  interambulacral  plates,  and  its  plates  are  quite  near  to  rhombic 
throughout  the  entire  test. 

Lepidechinus  (see  plate  7,  figure  42)  is  a  genus  quite  distin 
Lepidoeentrus,  but  only  one  species,  L,  rarispinus^  Hall,  is  at 
known.  This  species  has  strongly  imbricated  plates.  The  initi 
ambulacral  plate  is  retained  in  the  adult  and  it  has  a  highly  ace 
development.  In  the  table  the  species  L.  imhricatus,  Hall  is  put 
cause  as  described  it  has  fewer  columns  of  interambulacral  pla 
L.  rarupinus. 

Peruchodomua  (see  Keeping  (22))  difiers  essentially  in  the  for 
plates  from  other  genera  of  the  family,  the  plates  being  more 
hexagonal  than  in  other  genera.     The  species  from  this  couni 
iUinoisensis,  is  not  well  known. 

Order  III,  Ot/atocidaroida. — This  order  is  represented  by  the  genus 
cystiten^  Wyv.  Thomson  (39).    It  is  unsatisfactory  to  locate  system 
on  account  of  conflicting  evidence.     In  the  table,  therefore,  the 
given,  but  without  descriptive  detail.    This  is  done  because,  w 
wishing  to  omit  altogether  so  important  a  group  as  a  whole  order 
zoic  Echini,  I  was  unwilling  to  introduce  confusion  by  giving  dei 
structure  which  were  apparently  out  of  place  in  the  systematic  s 
The  details  of  structure  are  given  at  this  place. 

(Eu.)  E,  pomum,  Wyv.  Thomson,  4  A.,  8  I. 
(Eu.)  E.  uva,  Wyv.  Thomson,  4  A.,  6  I. 
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The  4  columns  of  ambulacral  plates  of  EehinoeyHitea  would  on  our 
accepted  basis  of  classification  associate  this  type  with  Oligoporvs  as 
the  only  other  type  known  which  has  such  a  structure ;  but  the  fact 
that  the  genus  occurs  in  the  Upper  Silurian  is  very  strong  evidence 
against  such  association.  The  interambulacra  have  few  colurans  of 
l>lates  at  the  ventral  area,  as  shown  in  the  published  figures,  and  pro- 
ceeding dorsal]y  new  columns  are  introduced  until  the  full  number  is 
attained.  The  imbrication  of  the  plates  and  eccentric  anal  area,  together 
with  the  small  peristome  which  is  gathered  from  Sir  Wyville  Thomson's 
figures  and  description,  would  indicate  that  this  type  is  aberrant,  for  we 
know  these  features,  particularly  when  in  association,  only  in  aberrant 
forms.  On  the  whole  evidence  it  seems  much  the  safer  course  to  leave 
this  order  by  itself  rather  than  place  it  near  forms  which  have  appar- 
ently similar  ambulacral  detail.  To  place  it  near  Oligoporus  would  on 
the  evidence  be  a  blind  following  of  system. 

Order  /F,  Pledaeidaroida, — This  order,  which  is  the  last  group  to  be  con- 
sidered, is  represented  only  by  the  one  Triassic  genus,  Tiar echinus.  This 
type  has  been  fully  illustrated  by  Professor  Lov6n  (26).  In  its  structural 
detail  this  form  differs  from  all  the  Perischoechinoida  and  therefore 
naturally  forms  a  separate  order  by  itself.  The  most  important  char- 
acter of  this  type  is  the  fact  that,  while  it  has  a  single  interambulacral 
plate  in  the  first  row  of  the  corona  like  other  echinoids,  in  the  second 
row  it  has  3  plates.  All  other  types  above  Bothriocidarinj  as  far  as  known, 
have  2  plates  in  the  second  row,  and  the  existence  of  3  in  Tlareehiniia  is 
therefore  to  be  looked  at  as  a  feature  standing  quite  by  itself  as  a  structural 
detail.  Afler  the  second  row,  no  more  interambulacral  plates  are  added 
in  Tiarech,inu8,  . 

The  accompanying  table  includes  all  genera  of  Paleozoic  Echini  except 
Xenocidaru^  which  is  known  only  from  spines  (page  222),  Spatangopsis,* 
Koninekocidaris*  and  Echinodiseus^f  which  are  imperfectly  known.  Of 
the  genera  tabulated  all  the  species  are  included  excepting  species  which 
have  been  described  from  dissociated  spines  and  plates  or  fragmentary 
specimens,  which  with  present  knowledge  are  wanting  in  the  characters 
for  proper  83'stematic  interpolation.  The  known  species  of  the  included 
genera  which  are  omitted  in  the  table  are  Lepidocentrus  eijelianus  and 
quite  a  large  number  of  species  of  Archseoeidarvt,  In  the  table  the  num- 
bers of  the  orders  and  the  spelling  of  class  and  ordinal  names  are  adopted 
from  Dr  Duncan's  "  Revision  of  the  Genera  and  Great  Groups  of  the 
Echinoidea." 

*  Whieh  have  not  been  figured  and  are  not  sufflriently  understood  to  be  included, 
t  Worthen  and  Miller  (42).    Two  species  are  ascribed  to  this  genus. 
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List  op  Publications  quoted  or  referred  to  in  the  Text. 

In  this  list  all  papers  relate  to  echinoderms  more  or  less  exclusively. 
The  few  papers  referred  to  in  the  text  which  do  not  deal  with  them  are 
included  in  foot-notes.  In  the  text,  numbers  in  parentheses  referring  to 
this  list  are  appended  to  references.  The  present  list,  with  additional 
references  cited  by  Keyes  (24),  Lov^n  (25)  and  Zittel  (44),  makes  a  quite 
complete  bibliography  of  Paleozoic  Echini. 

1.  Alexander  Agaasiz:  Revision  of  the  Echini.    Mem.  Mm,  Comp.  Zool.,  voL  iii, 

1872-74.    (This  memoir  contains  a  bibliography. ) 

2.  Alexander  Agassiz :  Palseontological  and  Embryological  Development.     /Voe. 

Am,  Assoc.  Adv.  Science,  1880. 

3.  Alexander  Agassiz :  Report  on  the  Echinoida.     Challenger  Reports,  Zoology^  vol. 

iii,  1881. 

4.  Alexander  Agassiz :  Calamocrinus  diomedse,  with  notes  on  the  apical  system 

and  the  homologies  of  Echinoderms.    Mem,  Mus,  Comp.  Zool,^  vol.  xvii,  no.  2, 
1892. 

5.  W.  H.  Bailey :  Notes  on  the  structure  of  PcUaechinus,    Joum,  Roy,  CfeoL  Soc. 

Ireland,  1865. 

6.  William  Bullock  Clark :  The  Mesozoic  Echinodermata  of  the  United  States. 

Bull.  U.  S.  Geol.  Surv.,  no.  97.    Washington,  1893.     (This  memoir  contains  a 
bibliography  of  the  subject  treated.) 

7.  Dollo  and  Buisseret:  Sur  quelques  Pal^chinides.      Comtes  Rendus  Acad,   des 

Sciences,  T.  106,  p.  958,  1888. 

8.  P.  Martin  Duncan :  On  some  points  in  the  anatomy  of  the  species  oi  PalxechinaSf 

(Scouler)  M'Coy,  and  a  proposed  classification.     Ann.  and  Mag.  Nat.  Hisl.^ 
ser.  6,  vol.  iii,  1889. 

9.  P.  Martin  Duncan :  A  revision  of  the  genera  and  great  gronps  of  the  Echinoidea. 

Joum.  Linnean  Soc.,  vol.  xxiii,  1889. 

10.  Duncan  and  Sladen :  Tertiary  and  Upper  Cretaceous  fauna  of  Western  India. 

Mem.  Geol.  Surv.  India,  PalseonU  Indica,  ser.  xiv,  vol.  i.     Calcutta. 

11.  R.  Etheridge :  Echinothuridae  and  Perischoechinidce.     Quart,  Joum.  Geol,  Soc. 

London,  vol.  xxx,  pp.  307-316,  1874. 

12.  G.  Fischer  von  Waldheim :  Bull,  de  Ui  Soc.  Imp.  des  Naturalistes  de  Moacou,  vol. 

xxi,  1848.     (Describes  Melonites  dispar,  (Fischer).) 

13.  E.  Forbes:  Mem.  Geol.  Sur.  Great  Britain  and  Mus.  Practical  Geol.,  vol.  ii,  part  1, 

p.  384.     ( Describes  Palseechinus  phiUipsiie. ) 

14.  H.  B.  Geinitz :  Die  Versteinerungen  des  Zechsteingebirges  und  Rothlic^nden 

Oder  des  Permischen  Systemes  in  Sachsen,  1848.  (Describes  Gdaris  heyseriingi^ 
Geinitz. ) 

15.  James  Hall:  Geological  Survey  of  Iowa,  vol.  1,  part  ii,  1858. 

16.  James  Hall :  Descriptions  of  new  species  of  Crinoidea  from  investigations  of  the 

Iowa  Geological  Survey.     Preliminary  notice.    Albany,  February  25,  1861. 
(Describes  Lepidechinus  imbricatxis,  genus  and  sp.  nov.) 

17.  James  Hall:   Twentieth  Annual  Report  New  York  Stale  Cabinet  Nat.  Hist.,  1867. 

(Describes  Lepidechinus  rarispinus,  Hall,  and  Archseocidaris  drydenensis,  (Va- 
nuxem). ) 
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IS.  G.  Hambach :  Description  of  new  species  of  Paleozoic  Echinodemiata.     Trans, 

St.  IjOfiis  Acad.  Sc.,  vol.  iv,  1878-'86,  p.  548. 
11>.  Robert  T.  Jackson :  Studies  of  OUgoparus  (abstract  of  a  paper  read).  Science ,  new 

series,  vol.  ii,  November  22,  1895. 

20.  Otto  Jaekel :   Ueber  die  alteste  Echiniden-Gattung  Bothriocidaris.    SUzungs- 

Ber.  QeseUich.  Naturforsch.  Freunde,  Berlin,  Jahrg,  1894. 

21.  W.  Keeping:  On  the  discovery  of  ifWoni^^A  in  Britain.     Quart.  Joum.  Ged.  Soc., 

London,  vol.  32,  1876. 

22.  W.  Keeping:  Notes  on  the  Paleozoic  Echini.     Quart.  Joum.  Geol.  Soc.,  Lon* 

don^  vol.  32, 1876.     (New  fects  about  Perischodomus,  and  describes  Rhoechinun 
irregularis,  genus  and  species  nov.) 

23.  C.  R.  Keyes:  Geol.  Surv.  Missouri,  vol.  iv,  1894. 

24.  C.  B.  Keyes:  Synopsis  of  American  Paleozoic  Echinoids.    Proc.  Imca  Acad. 

Sc.for  1894i  vol.  ii.     (This  paper  contains  very  complete  references  to  publi- 
cations on  American  Paleozoic  Echini.) 

25.  Sven  Lov^n:   £tudes  sur  les  Echinoid^s.     Kongl.  Srensk.   Vetenskaps-Akad.f 

Handl.,  B.  11.    Stockholm,  1872.     (Contains  numerous  references  to  publica- 
tions on  Paleozoic  Echini.) 

26.  Sven  Lov^n:  On  Pourtalesia.     Kongl.  Svensk.  VeUnshaps-Akad.y  Handl.,  B.  19. 

Stockholm,  1883. 

27.  SvenLov^n:  Echinologica.     Bihang  till  Kongl.  Svensk.  Vetenskaps-Akad.,  Handl.f 

B.  18 :  iv.    Stockholm,  1892. 

28.  F.  M'Coy:  Synopsis  of  the  Carboniferous  limestone  fossils  of  Ireland,  1844. 

(Describes  species  of  Archssocidaris  and  Palseechinus.) 
2).  F.  M'Coy:  (Paleozoic  Echinodermata)  in  ContribiUions  of  British  Palxontology^ 
1854. 

30.  Meek  and  Worthen:  Greological  Survey  of  Illinois,  vol.  ii,  1866. 

31.  Meek  and  Worthen:  Greological  Survey  of  Illinois,  vol.  v,  1873. 

32.  Meek  and  Worthen :  Proceedings  of  the  Academy  of  Natural  Science,  Philadel- 

phia, vol.  xxii,  p.  34, 1870.     (Describe  Lepidesthes  coreyi.) 

33.  S.  A.  Miller :  Remarks  upon  the  Kaskaskia  group.    Joum.  Cine,  Soc.  Not.  Hist. , 

vol.  ii,  1879.     (Describes  Lepidesthes  formosus.) 

34.  Miller  and  Gurley :  Descriptions  of  some  new  species  of  Invertebrates  from  the 

Paleozoic  rocks  of  Illinois.     Bull.  Illinois  State  Mus.  Nat.  Hist.,  no.  3,  1894. 
(Describe  new  species  of  Melonites,  Oligopoms  and  Archxocidaris.) 

35.  Joh.  Muller :  Ueber  neue  Echinodermen  des  Eifeler  Kalkes.    Abhandl.  K.  Akad. 

d.  Wiss.f  Berlin,  1856.     (Describes  LepidocerUrus.) 

36.  F.  Roemer:  Ueber  den  Bau  von  Melonites.     Wiegmann^s  Archiv,  1855. 

37.  F.  Schmidt:  Miscellanea  Silurica,  ii,  p.  36.     Mem.  Acad.  Imp.,  St.  Petersburg, 

vol.  xxi,  no.  11,  1874.    (Describes  and  figures  species  of  BotJiriocidaris.) 
3S.  L.  Schultze:  Monographic  der  Echinodermen  des  Eifeler  Kalkes,  1866.    (De- 
scribes Lepidocentrus  and  Xenocidaris.) 

39.  Wyville  Thomson :  On  a  new  Paleozoic  group  of  Echinodermata.     Edinburgh 

Netv  Phil.  Joum.,  1861,  vol.  xiii,  p.  106.     (Describes  EchinocystUes.) 

40.  W.  Waagen :  Salt  Range.    Mem.  Geol.  Surv.  Lidia,  ser.  xiii,  vol.  i,  part  v.     (De- 

scribes Cidaris forbanana,  (Waagen).) 

41.  C.  A.  White:  Contribution  to  Invertebrate  Paleontology,  no.  8.    Fossils  from 

the  Carboniferous  Rocks  of  the  Interior  States.     U.  S.  Geol.  and  Geog.  Surv, 
Terr.,  1873,  part  1.     (Describes  Lepidesthes  coUeUi,  White. ) 
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42.  Worthen,  St.  John  and  Miller:  Geological  Survey  of  Illinois,  vol.  vii,  1853. 

43.  Joseph  Wright :  Description  of  a  new  species  of  PcUgeechintu.    Journ.  Royal  Geol. 

Soc,f  Irelandf  vol.  i,  part  1,  1865. 

44.  Karl  A.  Zittel:  Handbuch  der  Palseontologie. 

Explanation  of  Plates. 

In  the  accompanying  figures  the  radial  orientation  of  specimens,  when  expressed. 
is  designated  by  letters  placed  on  the  interambulacral  and  ambulacral  areas  A^  £. 
C,  etcetera,  up  to  /,  for  the  10  areas,  as  in  plate  4,  figure  19.  The  interambulacniDi 
selected  as  ii  is  a  matter  of  indifference,  for  at  present  I  think  there  is  no  mean.« 
of  orienting  Palieechini,  as  in  modern  regular  Echini,  by  means  of  the  madreporte 
body.  The  sequence  adopted  is  that  as  viewed  looking  down  on  the  corona  from 
the  dorsal  side  and  revolving  like  the  hands  of  a  watch,  as  in  plate  5,  figure  20. 
When  viewed  from  the  oral  side,  as  in  plate  2,  flgui*e  2,  the  same  orientation  is  pre- 
served,  but  is  of  necessity  in  a  reversed  order. 

The  following  letters  are  used  to  designate  plates  or  series  of  plates  in  the  figures  : 

Pand  N^=  unusual  pentagonal  plates,  seen  in  a  few  interambulacral  areas. 

Terminal  pentagonal  plates  of  interambulacral  columns  as  introduced  are  num- 
bered from  1  upward. 

ff=  heptagonal  plates,  seen  in  interambulacral  areas,  usually  adjacent  to  terminal 
pentagons. 

a,  b  are  the  two  primary  ambulacral  columns  of  ambulacral  plates. 

a^f  1/  are  the  two  derivative  ambulacral  columns  seen  in  OUgoporus  (plat«  6, 
figure  25)  and  Meloniles  (plate  2,  figure  4). 

All  figures  except  plate  I,  figure  1,  were  drawn  by  Mr  J.  H.  Emerton.  The  ex- 
ceptional figure  was  drawn  by  Mr  M.  Westergren.  The  photographs  from  which 
plate  4  was  made  were  taken  by  Mr  Charles  H.  Currier,  of  Boston.  The  source  from 
which  all  specimens  or  figures  was  derived  is  given  in  the  description  of  plates. 

In  the  explanations  one  or  two  page  references  are  given  to  indicate  where  the 
principal  description  of  the  figure  is.  Many  of  the  figures,  however,  are  discussed 
at  several  other  places  in  the  text. 
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Explanation  of  Plate  2. 

FiGCRK  1. — Mdoniles  multiporuSf  Norw.  and  Owen  ;  spines.    Specimen  in  Museum  of 

Comparative  Zoology,  catalogue  number  2988.  Magnified  6  +  di- 
ameters.   Page  137. 

FiGCRB  2. — MelonUes  muUiporus ;  viewed  from  oral  end.    The  5  ambulacral  areas 

have  4  columns  ventrally ;  3  interambulacra,  A,  C  and  I,  have  2  plates 
ventrally ;  2  areas,  E&nd  G,  have  3  plates  ventrally.  M=  remnant 
of  perignathic  girdle.  Speci  men  in  Museum  of  Comparative  Zoology, 
catalogue  number  3000.    Magnified  li  diameters.    Pages  140,  142. 

Figure  3. — MelonUes  muUiporm;  ventral  border  of  corona.    The  ambulacral  areas 

terminate  in  4  plates,  except  area  /,  which  is  wanting  ventrally. 
The  interambulacra  terminate  ventrally  in  2  plates.  Specimen  in 
Museum  of  Comparative  Zoology,  catalogue  number  3003.  Magnified 
IJ  diameters.    Page  142. 

Figure  4. — MelonUes  muUiporus ;  development  of  ambulacrum.    The  4  columns  at 

the  base,  a,-  a'  and  6^,  &,  are  extended  dorsally  as  the  2  median  and 
2  outer  columns  of  the  area.  New  columns,  c,  d,  e,  /,  are  intro- 
duced in  the  median  portion  of  each  half-area.  Museum  of  Com- 
parative Zoology,  catalogue  number  2994.  Magnified  4  diameters. 
Compare  figure  1,  page  191,  and  plate  4,  figure  18.    Page  140. 

Figured. — MelonUes  muUiporus;  cross-section  of  ambulacrum;  J,  /,  adambulacral 

plates ;  a,  6,  the  2  outer ;  a^,  6^,  the  2  median  columns  of  ambu- 
lacral plates.  Pores  pass  from  the  outer  border  of  the  plate  on  the 
distal  side  to  the  median  or  inner  side  of  the  plate  on  the  proximal 
side.  The  dotted  portions  of  the  pores  are  reconstructions,  not  being 
shown  in  the  section.  Plate  X  does  not  show  the  pores  in  the  plane 
of  this  section.  Specimen  in  Museum  of  Comparative  2k)ology,  cata- 
logue number  3030.  Magnified  2  diameters.  Pages  141,  154. 
Figure  6. — MelonUes  muUiporus ;  showing  variation ;  column  9  originates  in  a  tetrag- 
onal instead  of  a  pentagonal  plate ;  2  adjacent  heptagons  exist  instead 
of  one.  Specimen  in  Museum,  of  Comparative  Zoology,  catalogue 
number  3017.  (Area  J,  see  tabulation,  page  169).  Magnified  3 
diameters.  Page  154. 
Figure  7. — MelonUes  muUiporus ;  interambulacrum,  showing  variation;  the  initial 

plate  of  column  6  is  tetragonal,  the  heptagon  associated  with  pen- 
tagon 8  occurs  in  the  fifth  instead  of  the  seventh  column,  a  rare 
variation.  The  ninth  column  at  ita  origin  has  five  columns  on  the 
left  and  three  on  the  right,  a  very  unusual  variation  (compare  with 
table,  page  167).  Specimen  in  Museum  of  Comparative  Zoology , 
catalogue  number  3021.  Life  size.  Page  159. 
All  the  specimens  on  this  plate  are  from  the  Subcarboniferous,  Saint  Louis  group, 
Saint  Louis,  Missouri. 
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Explanation  of  Plate  3. 

Figure  8. — Strongyhcentroius  dtchachiensls,  (O.  F.  M.) ;  ventral  border  of  part  of 

corona,  showing  primary  ambulacral  plates  and  succeeding  ambu- 
lacral  plates  of  corona ;  also  the  single  initial  plate  V  of  the  inter- 
ambulacrum  succeeded  by  2  plates  1  and  2,  in  next  row.  Magni- 
fied about  50  diameters.    Recent    Page  144. 

Figure  9.  ^Strongylocenlrolus  drobachiensis ;  later  stage  than  figure  8,  in  which  some 

resorption  of  ventral  border  of  corona  has  taken  place.  Figures  8 
and  9  are  portions  of  figures  after  Lov^n  (27).    Page  144. 

Figure  10. — Meloniies  muUiportu ;  showing  an  angle  on  ventral  border  of  plates  1 

and  2  apparently  for  the  initial  plate  1^,  which  is  restored  in  shad- 
ing. Ck)lumn  4  is  introduced  by  tetragonal  plate  4.  Magnified  2 
diameters.  Specimen  in  Yale  University  Museum,  diamond  number 
157.    Pages  144  and  153. 

Figure  11. — Mdoniles  muUiporus;  reconstruction,  showing  probable  form  of  initial 

plate  V  before  resorption  had  taken  place.  This  figure  is  adapted 
from  area  Ay  plate  2,  figure  2.    Magnified  2  diameters.    Page  145. 

Figure  12. — MelonUes  muliiparus;  interambulacrum  in  which  the  arrangement  is 

very  clear  from  the  size  of  the  plates.  Column  4  is  peculiar  in  origi- 
nating later  than  in  any  other  specimen  seen ;  compare  with  photo- 
graphic figure,  plate  4,  figure  18.     Life  size.     Page  147. 

Figure  13. — MeUmiUs  mulHporus;  showing  dorsal  portion  of  interambulacmm  and 

the  rhombic  form  of  newly  introduced  plates.  The  line  X  Y,  shows 
that  8  columns  exist  in  the  dorsal  area,  although  being  strung  oat 
they  could  not  be  counted  in  a  horizontal  plane  at  tlie  same  point 
(cofhpare  figure  1,  page  164) ;  P,  a  pentagonal  plate  but  not  a  terminal 
of  a  column.  Genital  plates  G  have  3  or  4  pores ;  ocular  plates  0 
are  imperforate.  Specimen  in  Johns  Hopkins  University.  Magni- 
fied 2  diameters.    Pages  149,  155. 

Figure  14. — MelonUes  muUiportis ;  showing  variation.    Columns  5, 6  and  7  are  normal 

in  introduction,  but  column  8  originates  in  a  hexagonal  plate,  8, 
which  attains  its  extra  side  by  making  a  reentrant  angle  into  the 
adjacent  octagonal  plate  0.  Specimen  in  Wagner  Free  Institate  of 
Philadelphia,  accession  number  3226.    Life  size.    Page  151. 

Figure  15.— The  same.    Reconstruction  of  plate  8  with  a  pentagonal  form,  when 

as  a  consequence  the  adjacent  octagonal  plate,  see  figure  14,  becomes 
a  heptagon,  H.     Page  151. 

Figure  16.  —MelonUes  mvUiporm ;  showing  variation.    The  initial  plate  of  column  3 

is  pentagonal  instead  of  hexagonal  (compare  figure  11).  The  second 
plate,  H,  of  column  3  is  heptagonal.  The  initial  plate  of  column  4  is 
also  heptagonal.  Specimen  in  Yale  University  Museum,  diamond 
number  157.    Magnified  2  diameters.    Page  152. 

Figure  17. — MelonUes  muUiporus;  showing  variation.  There  are  two  accessory  pen- 
tagons, P,  P^,  which  are  not  terminal  plates  of  newly  added  columnSi 
lying  next  the  terminal  pentagon  of  column  8,  with  its  adjacent 
heptagon.  Specimen  in  Museum  of  Comparative  Zoology,  catalogue 
number  2995.  Magnified  1.5  diameters.  Page  153. 
All  the  MelonUes  figured  on  this  plate  are  from  the  Saint  Louis  group,  Sabcar- 
l)oniferous,  Saint  Ix)ui8,  Missouri. 

248 


BULL.  GEOL  SOC.  AM. 


VOL.  7,  1895,  PL  3. 


PALEOZOIC  ECHINL 


BULL.  QEOL  SOC.  AM. 


PALEOZOIC  ECH 


VOL  7,  1895,  PL.  4. 


Explanation  of  Plate  4. 

Figure  18. — MdonUes  mvtUiporus,    Interambulacrum  ^  is  the  area  from  which  the 

figure  12,  plate  3,  was  drawn.  The  arrangement  is  very  clear,  on 
account  of  the  size  of  the  plates.  This  area  is  peculiar  in  that  the 
fourth  column  originates  much  later  than  usual ;  also  a  hexagonal 
plate,  At  exists  in  place  of  a  lateral  pentagonal  plate  and  compensates 
for  the  loss  of  a  side  in  plate  4 ;  otherwise  the  arrangement  in  this 
interambulacrum  is  perfectly  normal  and  serves  as  a  type  of  the 
method  of  growth  of  this  area.  In  interambulacrum  C,  which  is 
preserved  only  at  ventral  portion,  the  fourth  column  originates  in  a 
pentagonal  plate, 4,  much  earlier  than  in  interambulacrum  A.  This 
different  rate  of  introduction  of  the  same  numbered  column  in  two 
areas  is  very  unusual  (see  tabulations,  pages  165-170).  Spine  bosses 
are  visible  in  the  lower  part  of  the  figure.  The  ambulacra  B  and  / 
have  4  columns  of  plates  ventrally,  a,  a^,  6^,  6,  and  in  later  growth 
new  columns  are  added  in  each  half-area,  as  usual  (compare  with 
plate  2,  figure  4).  Saint  Louis  group,  Subcarboniferous,  Saint  Louis, 
Missouri.  This  specimen  was  in  the  Student  Collection,  Harvard 
University,  catalogue  number  316,  but  is  now  transferred  to  the 
Museum  of  Comparative  Zoology,  catalogue  number  2990.  Life  size. 
Page  147. 

Figure  19. — MdonUes  gigarUeus^  Jackson.   View  from  ventral  area.     (Compare  with 

plate  5,  figures  21-24,  for  detail. )  Areas  are  lettered  as  in  the  table, 
page  180.  The  portion  of  ambulacrum  B  which  is  marked  X  is  that 
area  which  is  represented  in  plate  5,  figure  24.  In  the  same  ambula 
crum  at  F,  by  careful  scrutiny  of  the  figure,  6  columns  of  plates  may 
be  seen  in  the  half-ambulacrum.  The  several  interambulacral  areas 
show  the  method  of  introduction  of  columns  by  terminal  pentago- 
nal with  adjacent  heptagonal  plates,  as  described.  The  plates  are 
thickly  studded  with  spine  bosses,  which  show  as  mammillate  points. 
The  specimen,  which  is  from  Lower  Subcarboniferous,  Bowling 
Green,  Kentucky,  is  in  the  Museum  of  Comparative  Zoology,  cata- 
logue number  2989.    Nearly  life  size.    Page  172. 
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Explanation  op  Plate  5. 

Figure  20. — Mehnites  muUiporus;  showing  9  columns  of  plates  in  2  interambulaond 

areas  and  the  rhombic  form  of  newly  introduced  plates  dorsally. 
The  arrangement  of  the  columns  and  plates  is  nearly  normal  through- 
out. The  ambulacral  area  should  be  compared  with  plate  2,  fi^rure 
4,  for  the  relations  between  the  structure  of  the  ventral  border  an'i 
the  ambitus ;  also  with  OligoporuSf  plate  6,  figures  25  and  30 ;  9}so 
compare  with  figure  1,  page  191 ,  for  the  relations  expressed  in  that 
more  primitive  genus.  Saint  Louis  group,  Subcarboniferous,  Saint 
Louis,  Missouri.  Specimen  in  Museum  of  Comparative  Zoology, 
catalogue  number  3003.     Life  size.     Pages  149,  153. 

Figure  21. — Melonilett  gigarUeus,  Jackson.    Interambulacrum  showing  arrangeineot 

and  method  of  introduction  of  11  columns  of  plates.  Column  4 
originates  to  the  left  of  the  center  (compare  table,  page  180),  but 
the  other  8  columns  added  all  originate  in  the  theoretically  correct 
position.  Below  pentagon  9  is  a  tetragonal  plate,  which  is  really  the 
first  plate  of  the  ninth  column.  Associated  with  this  plate  are  a 
hexagon,  Ay  and  2  accessory  heptagonal  plates,  H'  and  H^^  (com- 
pare with  ninth  column  in  the  four  other  areas,  table,  page  180i. 
The  eleventh  column  drops  out  before  reaching  the  dorsal  termi- 
nation of  the  area.  Associated  with  the  two  last  formed  tetragonal 
plates  of  the  eleventh  column  are  4  heptagonal  plates,  IT,  and  2 
octagonal  plates,  0,  which  compensate  for  loss  of  sides  in  the  tetrag- 
onal plates.  Recently  added  plates  in  the  dorsal  area  are  more  or 
less  rhombic.  Compare  with  tabulation  of  the  specimen,  page  ISO, 
of  which  this  figure  represents  area  A  ;  also  compare  with  area  A  in 
photographic  figure,  plate  4,  figure  19.    Life  sijse.    Page  173. 

Figure  22. — The  same  specimen;  showing  the  ventral  termination  of  3  interam- 

bulacra,  A,  C  and  J,  and  2  ambulacra,  B  and  /.  The  latter  have 
4  columns  of  plates  ventrally,  like  Meloniles  muUiporus  (plate  2,  fi^im 
2) .  The  dotted  lines  at  the  ventral  border  of  area  A  indicate  a  resU^ 
ration  of  the  2  plates  w*hich  are  wanting  in  all  5  interambulacre. 
Magnified  2  diameters.  Compare  with  same  areas  in  photographic 
figure,  plate  4,  figure  19.    Magnified  2  diameters.    Page  174. 

Figurr23.— The  same  specimen;  interambulacral  plate  with  spine  bosses.  Com- 
pare with  photographic  figure,  plate  4,  figure  19.  Magnified  4  diam- 
eters.   Page  174. 

Figure  24. — The  same  specimen ;  ambulacral  detail,  taken  from  right  hand  lower 

side  of  area  B  at  the  point  X  (see  photographic  figure).  Qply  5  col- 
umns of  ambulacral  plates  are  seen  in  this  figure,  whereas  6  occur 
higher  up  on  the  corona,  in  each  half  ambulacrum,  as  at  y(plate4, 
figure  19).  This  area  was  figured,  however,  as  showing  detail  the 
clearest  of  any  portion  for  figuring.  Magnified  2  diameters.  Fig- 
ures 21-24  are  from  the  same  specimen  as  plate  4,  figure  19.    Page  174. 
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Explanation  op  Plate  C. 

Figure  25. — Oligoporus  coreyi,  M.  and  W. ;  viewed  from  the  inside,  so  areas  must  be 

pevereed  for  comparison  with  outside.  Interambulacra  have  2  plates 
ventrally,  as  in  MelonUes,  plate  2,  figure  3.  In  the  right  hand  area 
plate  1  is  broken ;  plate  2  is  entire  and  has  an  angle,  like  plate  3, 
figure  10,  for  reception  of  single  initial  plate.  Columns  3,  4,  5  are 
introduced  as  in  Meloniles.  The  ambulacra  ventrally  have  2  plates, 
ah;  dorsally  these  pass  into  4  plates,  a  a'  and  h'  b.  This  explains 
the  relations  of  the  several  columns  of  ambulacral  plates  in  Oligoporus, 
figure  30,  and  Mdoniies,  plate  2,  figures  2,  4,  to  the  2  columns  char- 
acteristic of  most  Echini,  plate  8,  figures  43,  47, 48.  (See  diagram  on 
page  191.)  Subcarboniferous,  Indiana.  Specimen  in  Museum  of 
Comparative  Zoology,  catalogue  number  3008.  Magnified  3  diam- 
eters.   Pages  142,  189. 

Figure  26. — ^The  same;  restoration  of  ventral  border  of  right  interambulacrum  of 

figure  25,  showing  dorsal  border  of  the  supposed  initial  ])late  K  in 
place ;  restored  portions  are  shaded.    Page  192. 

Figure  27. — ^The  same ;  further  restoration,  showing  the  probable  form  of  plates  1 

and  2  and  initial  plate  1^  before  resorption  had  taken  place ;  compare 
with  plate  3,  figures  8-11,  and  plate  7,  figure  42.    Page  192. 

Figure  28. — ^Thesame;  another  interambulacrum  in  same  slab  and  probably  the 

same  individual  as  figure  25 ;  viewed  from  the  inside,  showing  ar- 
rangement of  plates.    Life  size.     Pages  186, 193. 

Figure  29.~The  same;  interambulacral  plate,  with  spine  bosses.    Magnified  1.5 

diameters.    Page  187. 

Figure  30. — Oligoporus  danse,  M.  and  W. ;  ambulacral  area.    The  columns  a,  a^,  &^,  b 

compare  with  2  columns,  a,  b,  seen  ventrally  in  figure  25.  Isolated 
plates  occur  in  the  middle  of  each  half  ambulacrum ;  these  appear 
to  be  the  equivalent  of  plates  c,  d  in  MeUmiles,  plate  2,  figure  4. 
Keokuk  group,  Subcarboniferous,  Keokuk,  Iowa.  Specimen  in  Mu- 
Buem  of  Comparative  Zoology,  catalogue  number  2998.  Magnified  2 
diameters.    Page  190. 

Figure  31. — Oligoporus  dan«  ;  showing  arrangement]and  development  of  interambu  - 

lacrum.  A  break  occurs  in  column  9,  when  after  2  intervening  rows 
are  built,  plates  are  again  added  to  column  9.  Considerable  irregu- 
larity of  plates  occurs  at  this  area,  as  described.  Keok uk  group,  Sub- 
carboniferous, Warsaw,  Illinois.  Specimen  in  Museum  of  Compara- 
tive Zoology,  catalogue  number  2997.    Life  size.     Page  193. 

Figure  32. — Oligoporus  danse  ;  spines.  Keokuk  group,  Subcarboniferous,  Alton,  Illi- 
nois. Specimen  in  Yale  University  Museum.  Magnified  6  diam- 
eters.   Page  196. 

Figure  33. — Oligoporus  danse ;  showing  enlargement  of  jwres  and  spaces  between 

plates  by  silicification.  Keokuk  group,  Subcarboniferous,  Alton, 
Illinois.  Specimen  in  Yale  University  Museum.  Magnified  4  diam- 
eters.   Page  197. 

Figure  34.  ^Oligoporus  danae ;  showing  arrangement  and  development  of  area,  after 

Meek  and  Worthen  (30).  Modified  from  their  figure  by  correcting 
orientation,  omitting  ambulacra  and  spine  bosses,  and  introducing 
numbers  and  dotted  lines  to  accent  date  columns.  Keokuk  group, 
Subcarboniferous.    Page  197. 

Figure  3o.—(Higoporas  nobilis,  M.  and  VV. ;  plates  showing  spine  bosses.     Keokuk 

group,  Subcarboniferous,  Keokuk  or  Warsaw,  Illinois.  Si>ecimen 
in  American  Museum  of  Natural  U i story .  Magni fied  1 . 5  diameters . 
Page  198. 
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Explanation  op  Plate  7. 

Figure  SQ.'-Rhoechinus  gracUiSy  M.  and  W. ;  sandstone  cast,  seen  from  the  inside, 

so  that  areas  indicated  by  numbers  and  letters  must  be  reversed  for 
comparison  with  the  outside.  Tlie  specimen  shows  more  or  less 
completely  the  arrangement  and  development  of  plates  in  five  inter- 
ambulacral  areas.  The  ambulacral  areas  are  clearly  seen,  but  the 
individual  plates  are  not  visible  in  the  specimen;  they  are  restored 
in  area  /as  indicated  by  dotted  lines.  Genital  and  ocular  plates  are 
visible  dorsally.  Waverly  group,  Subcarbonlferous,  Menifer  county 
Kentucky.  Specimen  in  Student  Collection,  Harvard  University. 
Catalogue  number  115.    Magnified  2  diameters.    Page  201. 

FiouRB  37. —Rhoechintts  gracilis  ;  ambulacral  detail.  Burlington  group,  Subcarbonlf- 
erous, Burlington,  Iowa.  After  Meek  and  Worthen  (31).  Magni- 
fied 2  diameters.    Page  202. 

FiGURK  38. — Palseechinus  gigas,  M'Coy;  interambulacrum  showing  plate  arrange- 
ment. The  right  column,  2,  of  adambulacral  plates  is  restored,  as 
indicated  by  dotted  lines.  Carboniferous,  Clitheroe,  Lancashire, 
England.    Slightly  enlarged.    Page  204. 

Figure  39. — PaUeechinus  gigas;    detail  of  one  half-ambulacrum.     Carboniferous, 

Clitheroe,  Lancashire,  England.  Figures  37  and  38  from  specimen 
in  the  Museum  of  Practical  Geology,  Jermyn  street,  London ;  com- 
pare with  figure  1,  page  191.    Magnified  1.5  diameters.    Page  205. 

FiQVRK  40.-- Rhoechintta  elegatis^  M'Coy;   details  of  ambulacnim.     This  should  be 

compared  with  the  ambulacrum  at  ventral  border  of  area  in  Oligo- 
poniSf  plate  0,  figure  25;  also  figure  1,  page  191.  Carboniferous, 
Hook  Head,  Ireland.  Specimen  in  Museum  of  Comparative  Zo- 
ology, catalogue  number  3002.    Magnified  4  diameters.     Page  205. 

Figure  41. — Lepidocidaris  squamosuSy  M.  and  W. ;  showing  arrangement  of  plates 

and  introduction  of  the  sixth,  seventh  and  eighth  columns.  Com- 
pare with  Mehnites,  plate  5,  figure  20,  and  ArcfwsocidariSf  plate  8, 
figui-es  44,  45.  The  ambulacra  consist  of  2  columns  ventrally,  but 
higher  up  pass  into  4  imperfect  columns.  Compare  with  Oligoporus 
coreyif  plate  6,  figure  25.  Burlington  group,  Subcarbonlferous,  Bur- 
lington, Iowa.  Specimen  in  Museum  of  Con^parative  Zoology,  cata- 
logue numlwr  3026.  This  specimen  is  the  type  of  the  genus  and 
species.    Life  size.     Page  220. 

Figure  42. — Lepidechinus  rarispinuSf  Hall ;  showing  a  single  initial  plate,  V,  ven- 
trally, succeeded  by  2  plates,  1,  2;  (compare  with  plate  3,  figures 
8-11,  plate  6,  figures  24-26,  plate  9,  figure  54;  also  figures  3  and  4, 
page  234.)  More  columns,  from  3  to  9,  inclusive,  are  added  dor- 
sally,  as  indicated  by  numbers  and  dotted  lines.  The  plates  on 
account  of  their  imbrication  are  not  so  regular  and  are  diflferent  in 
form  from  Melanites  and  Oiigoporus ;  they  also  dififer  from  these  in  the 
rapid  or  accelerated  rate  of  introduction  of  columns.  Waverly  group, 
Warren,  Pennsylvania.  Specimen  in  the  collection  of  Professor 
C.  E.  Beecher,  of  New  Haven,  Connecticut.  Magnified  2  diameters. 
Page  226. 
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Explanation  of  Plate  8. 

FioDRB  43. — Archxocidaris  wortheni^  Hall ;  showing  4  columns  of  plates  in  each  in- 

terambulacnun.  Ventral ly  the  plates  of  the  corona  have  been  re- 
sorbed  by  encroachment  of  the  peristome.  In  areas  A  and  C,  plates 
c  and  e  are  nearly  full  sized,  but  somewhat  resorbed  ventrally ;  plates 
d  and  /  are  less  than  the  upper  half  of  a  hexagon,  the  rest  of  the  plate 
having  been  resorbed.  In  areas  E  and  G  a  reversed  condition 
occurs,  plates  c  and  e  being  less  than  the  upper  half  of  a  hexagon, 
while  plates  d  and  /  are  large,  with  only  their  ventral  border  re- 
sorbed. Ambulacra  in  the  corona  consist  of  2  columns,  a,  6,  of 
low,  regular  plates.  Plates  not  present  in  the  specimen  are  indifat€»d 
by  dotted  lines.  On  the  peristome  dental  pyramids  lie  opposite  the 
interambulacra.  In  area  A  one  side  of  a  pyramid  is  restored.  In- 
terambulacral  plates  of  the  peristome  are  scale-like,  imbricating 
adorally.  Ambulacral  plates  on  the  peristome  are  somewhat  irregu- 
lar, drawn  out  laterally,  and  each  has  2  pores  in  a  horizontal  plane. 
The  columns  of  interambulacral  plates  of  the  corona  are  numbered 
1,  2,  3,  4.  For  explanation  of  the  method  of  arriving  at  these  num- 
bers compare  with  figure  45.  Saint  Louis  group,  Subcarboniferous, 
Saint  Louis,  Missouri.  Specimen  in  the  American  Museum  of 
Natural  History.  Magnified  2  diameters.  Page  214. 
Figure 44. — The  same;  restoration  of  figure  43.  Interambulacrum  I  is  restored 
and  the  plates  are  more  regular  and  carried  further  up  on  the  peris- 
tome than  shown  in  the  specimen.  Page  218. 
Figure  45. — The  same,  showing  ventral  border  of  corona,  as  in  figure  44,  and  a  re- 
construction of  plates,  which  have  been  resorbed.  10  ambulacral 
plates  surround  the  mouth,  and  pyramids  are  indicated  on  the 
border  of  the  peristome.  Interambulacra  are  restored  with  the 
same  arrangement  as  traced  in  Melonites  and  other  genera ;  column 
4  is  right-handed  in  areas  A  and  C  and  left-handed  in  E,  G',  /. 
Introducing  plates  by  this  method,  the  row  of  plates  c,  d,  6,  / 
above  the  dotted  (resorption)  line  corresponds  with  the  ventral 
row  of  plates  in  figure  44.  In  the  reconstruction  a  reasonable  pro- 
portionate size  of  plates  is  maintained,  and  they  meet  almost  in  the 
center.  Compare  with  plate  3,  figures  8-11 ;  plate  7,  figures  41,  42; 
plate  9,  figures  54,  55;  figure  1,  page  164,  and  figures  3,  4,  page  234. 
Page  219. 

Figure  46. — Archseocidaris  wortheni;  plate  with  primary  and  secondary  spines- 
Saint  Louis  group,  Subcarboniferous,  Saint  Louis,  Missouri.  Cata- 
logue number  3028.     Magnified  2  dijimeters.     Page  217. 

Figure  47. — Cidaris  ftorigenxma,  Phil.;  showing  alternation  of  large  and  small  plates 
at  ventral  border  of  interambulacra,  as  in  Archxocidaris.  By  read- 
justment the  ventral  plates,  like  those  dorsally,  have  complete  sets 
of  spine  bosses.  Coral  Rag,  Wiltshire,  England.  Catalogue  number 
^5.     Life  size.    Page  216. 

Figure  48. — diiris  tribuloideSf  L.;  showing  alternation  of  ventral  interambulacral 
pnJ;es  of  corona,  as  in  figures  44,  47.  Ambulacra  extend  on  to  the 
perstome  as  two  columns  of  plates,  as  in  Archieocidaris,  but  differ  in 
that  the  pores  are  vertically  8Ui)erimjK)sed.  Interambulacral  plates 
on  the  peristome  imbricate  adorally,  as  in  Archxocidaris.  Recent, 
Panama.    Catalogue  number  404.    Magnified  2  diameters.   Page  218. 

Specimens  of  figures  46,  47,  48  are  in  the  Museum  of  Comparative  Zoology. 
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Explanation  of  Plate  9. 

FiGURB  49. — Melonites  septenarim,  Whitfield.     In  the  ambulacrum  only  a  portion  of 

the  left  half  is  complet-e,  showing  columns  a,  a\  with  two  interme- 
diate columns,  and  one  column,  h\  of  the  right  half.  Column  7  in 
the  interambulacrum  has  5  columns  on  the  left  and  1  on  the  n^ht 
This  is  the  most  extreme  irregularity  in  the  position  of  a  column  of 
any  echinoid  seen.  Pentagonal  plate  P  and  heptagonal  plate  J,  are 
local  and  most  unusual  irregularities.  Warsaw  group,  Snbcarbonif- 
erous,  Buzzard  Roost,  Franklin  county,  Alabama.  Specimen  in 
American  Museum,  New  York.    Life  size.    Page  182. 

Figure  50. — Oligopoms  miasouriensisj  Jackson.    Ambulacra  have  fian-shaped  plates 

opposite  the  sutures  of  interambulacral  plates.    Interambulacra  hare 

5,  as  in  area  C,  or  6  columns  of  plates ;  when  the  latter,  only  for  a  brief 
period,  as  in  area  A .  Adambulacral  plates  are  rounded  on  their  outer 
borders  (compare  with  plate  6,  figure  30).  Irregular  pentagons  and 
heptagons  (see  text).  Subcarboniferous,  Webb  City,  Missouri.  Speci- 
men in  Museum  of  Comparative  Zoology,  catalogue  number  3078. 
Life  size.     Pages  150,  184. 

FiGHRB  51. — ^The  same.  Ambulacral  detail  of  one  half-area.  Magnified  2  diam- 
eters.   Page  184. 

Figure  52. —The  same,  showing  genital  and  ocular  plates.  Magnified  2  diam- 
eters.    Pages  156,  186. 

Figure  53. — Lejndesihes  worthenij  Jackson.     Ambulacrum  B  ventrally  has  4  columns 

of  hexagonal  plates  (compare  with  Meloniies,  plate  2,  figure  2);  at 
the  ambitus  there  are  8  columns  of  subhexagonal  plates.  Pores  are 
in  the  center  of  the  plates.  Interambulacra  A  and  C  ventrally  have 
4  columns  of  plates ;  one  of  these  columns  drops  out  (see  area  C, 
plate  A)  in  passing  dorsally,  and  three  columns  continue  to  the 
dorsal  pole.  Two  dental  pyramids,  D,  7>,  are  visible  ventrally. 
These  are  seen  plainly  on  the  other  side  of  specimen.  Incrustinf: 
bryozoa  obscure  some  details.  Keokuk  group,  Subcarboniferous. 
Specimen  in  the  Boston  Society  of  Natural  History,  catalogue  num- 
ber 11601.     Magnified  2  diameters.     Page  207. 

Figure  54. — Pholidocidaris  ineeki,  Jackson.     Ambulacral  plates  have  central  pore* 

surrounded  by  a  depressed  areola.  Interambulacrum  has  ventrally 
a  single  plate,  1',  and  passing  dorsally  new  columns  are  added  up  to 

6.  In  column  2  plates  are  apparently  wanting,  as  indicated  by  the 
dotted  line,  and  an  ambulacral  plate,  A^  has  been  shoved  out  of 
place.  A  few  spines  are  scattered  over  the  test ;  dental  pyramid?, 
jD,  exist  ventrally.  Below  plate  V  is  a  plate  which  is  apparently 
an  interambulacral  plate  of  the  peristome.  Keokuk  group,  Sub- 
carboniferoufii  Warsaw,  Illinois.  Specimen  in  Museum  of  Compar- 
ative Zoology,  catalogue  number  3070.     Life  size.    Page  210. 

Figure  55. —Immature  Cidaris  papiUata,  Leske;  showing  resorption  of  corona  by 

encroachment  of  the  peristome.  Spine  tubercles  are  being  cut  away 
together  with  the  plates.  Showing  also  imbricating  interambulacral 
plates  of  the  peristome.  Recent  (compare  with  plate  8,  figure  48). 
After  Lov6n  (Echinologica,  page  22).     Magnified.    Page  215. 
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Introduction. 


In  writing  of  Brazil,  Louis  Agassiz*  says  that — 

*^  The  decomposition  of  the  sur&ce  rocks  to  the  extent  to  which  it  takes  place 
is  very  remarkable,  and  points  to  a  new  geological  agency  thus  far  not  discussed  in 
our  geological  theories.  It  is  obvious  here  .  .  .  that  the  warm  rains  filling 
upon  the  heated  soil  must  have  a  very  powerful  action  in  accelerating  the  decom- 
position of  rocks.  It  is  like  torrents  of  hot  water  falling  for  ages  in  succession  upon 
hot  stones.  Think  of  the  effect,  and  instead  of  wondering  at  the  laige  amount  of 
decomposed  rocks  which  you  meet  everywhere  you  will  be  surprised  that  there  are 
any  rocks  left  in  their  primitive  condition.''* 

By  decomposition,  decay  and  disintegration  as  used  in  the  present 
paper  I  refer  only  to  the  phase  or  phases  of  rock  decay  which  can  be 
detected  by  the  eye.  I  shall  not  attempt  any  detailed  analysis  of  the 
chemical  processes  of  decomposition  or  of  the  mineral  changes.  These 
changes  I  assume  to  be  the  same  in  the  main  as  those  accompanying 
rock  decomposition  in  other  parts  of  the  world,  with  differences  only  in 
the  rate  at  which  it  goes  on  and  in  the  d^ree  of  oxidation  known  to  exist 
between  warm  and  cold  climates.f  No  distinction  is  made  between  dis- 
integration and  decomposition,  for  the  former  is  believed  to  be  incipient 
decay,  however  slight  the  chemical  changes  may  be. 

Evidences  and  Results  of  Decomposition. 

decay  in  place. 

General  distribution  and  character  of  the  decomposition, — Disintegration  of 
rocks  in  Brazil  is  both  profound  and  widespread.  The  working  out  of 
structural  geology  over  limited  areas  is  often  made  altogether  impossible 
by  the  breaking  down  of  the  stratification  and  by  the  mingling  of  the 
products  of  decomposition  in  land-slides  and  by  the  creep  of  the  soil, 
while  the  decay  of  the  crystalline  rocks  often  renders  the  determination 
of  their  constituent  minerals  difficult  or  altogether  impossible. 

This  deep  decomposition  is  not  confined  to  any  particular  part  of  the 
country,  but  it  is  a  pretty  constant  feature  of  the  geology  from  the  equator 

*  Journal  in  Brazil,  89.    Am.  Jour.  Sci.,  2d  ser.,  toI.  xI,  1865,  p.  39a 

t8ee  Suba^rial  decay  of  rucks  and  the  origin  of  the  red  color  of  certain  formations.  Ball.  52 
U.  S.  Geol.  Survey.  I.  C.  Russell.  This  bulletin  contains  a  partial  bibliography  of  the  subject  of 
rock  decay. 
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to  the  southernmost  part  of  Rio  Grande  do  Sul.  Neither  is  decay  con- 
fined to  the  immediate  surface,  but  it  penetrates  the  solid  rocks  as  far  as 
they  are  affected  by  varying  temperatures  or  by  crevices,  however  obscure, 
along  which  water  can  enter.  The  rocks  necessarily  vary  more  or  less 
in  their  resisting  powers,  but  they  are  all  more  or  less  affected. 
Rocks  are  attacked  in  three  ways : 

First,  by  surface  disintegration  ; 

Second,  by  exfoliation ; 

Third,  by  profound  decay  in  place. 

Areas  studied  and  their  characteristics. — The  most  striking  instances  of 
rock  decay  which  have  fallen  under  my  own  observations  have  been  in 
the  vicinity  of  Rio  de  Janeiro  and  in  the  states  of  Minas  Geraes,  Per- 
nambuco  and  Par&. 

About  Rio  de  Janeiro  this  decay  is  to  be  seen  on  every  hand,  and  has 
been  recorded  by  almost  every  geologist  who  has  visited  that  region. 
The  road  from  the  city  to  Tijuca  has  many  cuts  in  the  soft  decayed 
gneiss ;  the  road  which  ascends  toward  the  Tijuca  peak  and  that  leading 
from  near  Tijuca  toward  Pedra  Bonita  and  the  Chinese  view  reveal  the 
decayed  rock  in  almost  every  cut.  West  of  the  Botanical  gardens  the 
load  leading  toward  the  Gav^a  expose  in  several  places  cuts  20  and  30 
feet  deep  in  the  decomposed  rock. 

In  the  Larangeiras  suburb  many  deep  cuts  have  been  made  in  this 
material,  especially  close  to  the  foot  of  the  hill  on  either  side  of  the  valley 
toward  its  upper  end.  At  one  place  in  the  upper  part  of  the  Larangeiras 
a  tunnel  more  than  100  feet  long  driven  into  the  foot  of  the  mountain 
for  the  purpose  of  making  a  cooling  chamber  for  domestic  purposes  pene- 
trates only  softened  gneiss.  A  tunnel  cut  through  the  hill  in  1887  to 
connect  Larangeiras  and  Rio  Comprido  passed  through  more  than  100 
feet  of  decayed  rock  on  the  Rio  Comprido  side. 

In  1879-'80  a  large  reservoir  was  built  on  the  Morro  do  Pedregulho 
near  the  Ponta  do  Cajfi  in  the  northwestern  outskirts  of  the  city  of  Rio. 
The  hill  was  originally  225  feet  high,  and  the  site  for  the  reservoir  was 
prepared  by  cutting  off  the  top  of  the  hill  to  a  depth  of  65  feet.*  This 
thickness  of  the  rock  was  decayed  gneiss,  and  undecomposed  rock  was 
not  found  at  this  depth  of  excavation. 

In  one  of  the  plates  accompanying  Pissis'  paper  he  represents  the  de- 
composed gneiss  at  the  base  of  the  Corcovado  at  Rio  as  having  a  depth 
of  120  meters.f  I  know  that  the  gneiss  at  this  point  is  profoundly  de- 
composed, but  I  never  saw  it*exposed  to  such  a  depth  as  he  there  repre- 

*  ReUtorio  Bobre  o  reserratorio  D.  Pedro  II.    W.  Milnor  Roberts.    Revlsta  de  Engenharift,  11,  no. 
7,  Rio  de  Janeiro,  Jaly  Id,  1880,  pp.  106, 1 1I,  112. 
t  La  poflltton  gtelogique  dee  terrains  de  la  partie  australe  da  Brtoil.   M.  A.  Pissis,  1842,  p.  868. 
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sents.  I  suspect  that  his  measurement  was  a  vertical  one  and  not  made 
at  right  angles  to  the  rock  face. 

Professor  Hartt  makes  many  references  to  the  deep  decomposition  of 
the  rocks,  though  he  seldom  gives  any  figures  on  the  subject.  Inasmuch 
as  he  was  of  the  opinion,  when  he  wrote  his  book  upon  Brazilian  geology, 
that  that  country  had  been  glaciated,  the  materials  called  drift  by  him 
may  usually  be  put  down  as  decomposed  rock  in  place  or  but  little  dis- 
turbed.* 

George  Gardner,  the  English  botanist,  mentions  30  to  40  feet  of  ckj 
about  Rio  de  Janeiro.f 

Mr  Darwin  J  says  that — 

"  near  Rio  every  mineral  except  the  quartz  has  been  completely  softened,  ia 
some  places  to  a  depth  little  less  than  100  feet.  ...  At  Rio  it  appeared  to  me 
that  the  gneiss  had  been  softened  before  the  excavation  (no  doubt  by  the  Bca)  of 
the  existing  broad,  flat-bottomed  valleya  ...  At  Bahia  the  f^eiss  rocks  are 
similarly  decomposed.'' 

On  the  Nictheroy  side  of  the  bay  there  are  several  exposures  of  decayed 
and  half-decayed  rocks  on  the  high  headland  near  the  northern  end  of 
the  Juruj6ba  bay.  Here  the  waves  have  undermined  the  materials,  but 
while  they  are  still  hard  enough  to  stand  in  vertical  cliffs,  they  are  far 
from  being  as  hard  as  the  ordinary  undecomposed  gneiss.  These  cliflFs 
are  in  places  as  much  as  100  feet  in  height. 

Along  the  railway  leading  from  Nictheroy  to  Nova  Friburgo  gneiss  is 
the  rock  of  the  country,  and  it  is  deeply  decomposed  along  the  whole 
route,  showing  here  and  there  the  dome-like  peaks  so  characteristic  of 
this  coastal  region.  At  Cantagallo  this  decomposition  is  quite  as  marked 
as  it  is  at  Rio  de  Janeiro.  One  of  the  exposures  shows  a  hillside  where 
disintegration  has  penetrated  more  than  100  feet,  and  as  the  rocks  at  the 
bottom  are  quite  as  soft  as  those  at  the  top  it  seems  safe  to  presume  that 
decomposition  has  extended  still  deeper. 

The  rocks  through  the  region  from  Cantagallo  to  Campos  are  all 
gneisses  and  granites,  and  show  everywhere  the  same  deep  decomposi- 
tion as  that  about  Rio  de  Janeiro. 

Petropolis,  in  the  Organ  mountains,  is  in  a  region  of  gneiss,  and  as  the 
valleys  about  it  are  narrow  the  sight  of  the  deep  cuts  in  the  decomposed 
rocks  is  a  common  one  there.  Others  are  exposed  along  the  railway  lead- 
ing up  from  the  foot  of  the  Serra. 

Good  cuts  in  decomposed  gneiss  are  exposed  along  the  line  of  the  Cen- 

^Qeology  and  Phyaioal  Geography  of  Brasil.  Oh.  FreS.  Hartt.  Boston,  1870,  pp.  >&,  »,  31, 
840,  606,609,604.  On  Hartt*8  change  of  Tiews  on  the  subject  of  glaclation  see  "The  Supposed 
Olaciation  of  Brasll."    J.  C.  Branner.    Journal  of  Geology,  toI.  1, 1893,  pp.  753-772. 

t  Travels  in  the  Interior  of  Braiil.    George  Gardner.    London,  1846,  p.  11. 

X  Geological  Observations.   Charles  Darwin.    2d  ed.,  London,  1876,  pp.  427,  428. 
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tral  railway  (formerly  called  D.  Pedro  Segundo)  leading  from  Rio  de 
Janeiro  across  the  Serra  do  Mar.  Some  of  these  cuts  are  litill  exposed  to 
\iew,  but  owing  to  the  tendency  of  the  soft  material  to  wash  and  slide 
the  railway  company  has  been  obliged  to  cover  many  of  them  with  a  sort 
of  stone  pavement.  Some  of  the  most  interesting  cases  with  which  I  am 
acquainted  are  those  of  the  tunnels  on  the  railway  line  where  it  crosses 
the  Serra  to  Barra  do  Pirahy'.  All  of  these  tunnels  are  in  granites  and 
gneisses,  and  aggregate  5,189  meters  in  length.  The  rocks  are  so  decom- 
posed that  over  2,000  meters  of  this  distance  required  to  be  lined  with 
masonry,*  and  one  of  the  tunnels  is  said  to  have  required  recutting  on 
account  of  the  sliding  of  the  decomposed  rocks. 

Along  the  railway  between  Entre  Rios  and  the  top  of  the  Mantiqueira 
are  many  noteworthy  cuts  in  decomposed  gneiss.  At  one  point  the  road 
was  so  often  and  so  seriously  embarrassed  by  the  slipping  of  the  decom- 
posed materials  that  the  engineers  were  finally  obliged  to  construct  a 
tunnel — ^the  Cachoeira  tunnel.  At  the  crest  of  the  Serra,  where  the  rail- 
way passes  through  the  "  Gargante  de  Jofto  Ayres,"  the  decayed  rock  of 
the  deep  cut  had  to  be  kept  off  the  track  by  enormous  walls  22  feet  high, 
though  the  banks  were  sloped  back  as  usual  to  a  height  of  78  feet,  t 

On  the  Uni&o  e  Industria  road,  a  highway  that  crosses  the  mountain 
and  extends  from  Petropolis  to  Juiz  de  Fora  in  the  state  of  Minas,  other 
and  scarcely  less  striking  cuts  expose  the  decomposed  rocks  in  many 
places.    Some  of  these  cuts  are  as  much  as  50  feet  deep. 

The  Sao  Paulo  railway,  from  Caxoeira  to  Sfto  Paulo,  shows  similar  cuts 
in  decomposed  rocks,  though  not  so  many  of  them.  The  profound  de- 
composition of  the  rocks  along  this  line  has  beeen  the  cause  of  not  a  few 
landslides  and  of  at  least  one  serious  railway  accident.];  Where  the  rail- 
way ascends  and  passes  over  the  mountain,  from  Santos  toward  Sao 
Paulo,  there  are  several  deep  cuts  in  the  decomposed  rock. 

In  his  article  upon  nephelene  rocks  in  Brazil  (Sao  Paulo  and  Minas) 
Professor  Derby  does  not  state  the  depths  to  which  he  found  the  rocks 
decomposed  in  the  region  he  describes,  but  one  gets  the  impression  that 
these  depths  are  very  considerable,  for  the  railway  cuts  and  tunnels  are 
mostly  in  the  decayed  materials.§  Derby  states  elsewhere  ||  that  decom- 
position has  been  so  general  in  northern  Sao  Paulo  and  southwestern 

*  Manoel  da  Canha  Oiilrfto  in  Re  vista  de  EnKenharia,  Dec.  10, 1879,  pp.  6, 7.  Agassiz :  Joarney  in 
Brazil,  p.  528.  Eatndo  descriptivo  das  Estradas  de  ferro  do  Brazil.  Gyro  D.  R.  Pessda,  junior.  Rio 
de  .laoeiro,  1880,  p.  210. 

t  Estado  descriptiTO  das  Estradas  de  Ferro  do  Brazil.  PessOa,  p.  213.  Revista  do  Inat.  Hist,  do 
Brazil,  li,  pt  ii,  p.  202. 

X  ReTista  de  Engenharia,  ii,  no.  2,  Feb.  15, 1880. 

§0n  nephelene  rocks  in  Brazil.    O.  A.  Derby.    Quar.  Jour.  Geol.  Soc,  vol.  xllii,  1887,  pp.  462-470. 

I  Contributors  para  o  estudo  da  geographia  physioa  do  valle  do  Rib  Grande.  O.  A.  Derby. 
Bolctim  da  Sociedade  de  Geographia  do  Rio  de  Janeiro,  i,  no.  4,  p.  15. 
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Minas  that  there  are  but  few  rocks  uncovered  by  soil.  The  famous  lem 
roxa  of  Sto  Paulo  is  derived  by  decomposition  from  the  igneous  rocks  that 
cover  a  large  part  of  that  state. 

A.  Pissis  says  that  in  the  Serra  de  Goitacazes  the  gneiss  is  changed  to 
a  reddish  clay  to  a  depth  often  of  more  than  100  meters.* 

In  the  highlands  of  Brazil  decomposition  is  so  widespread  that  it  is 
often  impossible  to  find  enough  exposure  of  hard  rock  in  place  to  work 
out  the  structure.  Through  the  granite  and  gneiss  r^ions  this  decom- 
position may  be  seen  in  the  railway  cuts  from  Rio  de  Janeiro  across  the 
Serra  do  Mar  and  the  Serra  da  Mantiqueira,  and  this  same  decomposition 
is  common  wherever  the  granites  and  gneisses  occur  through  the  interior^ 
though  it  is  not  to  be  inferred  that  there  are  no  exposures  of  hard  rock. 

The  other  rocks  of  the  highlands  are  mostly  metamorphosed,  nameljy 
schists,  itacolumites,  itabirites,  jacuiingas  and  a  recent  surface  formation 
of  iron  cement  known  as  canga.  Occasionally  these  rocks,  especially  the 
itacolumites,  stand  out  as  bare  and  rugged  mountains,!  but  over  a  large 
part  of  r^on  the  geology  is  masked  by  a  thick  coating  of  soil,  and  de- 
composition has  profoundly  affected  the  rocks  in  place.  Gerber  notes 
that  the  gneiss  is  specially  subject  to  decomposition.^ 

James  E.  Mills,  who  lived  and  traveled  in  Brazil  more  than  a  year,  in 
speaking  of  the  province  of  Minas  (jeraes  says : 

"  The  gneiss  and  states  are  softened  to  great  depths  from  the  sarfiice.  I  have 
seen  sections  showing  a  thickness  of  over  100  feet  (estimated  with  the  eye)  of  this 
softened  rock,  and  yet  not  reaching  to  the  bottom  of  it."  } 

To  the  traveler  in  Minas  Geraes  one  of  the  striking  sights  is  the  enor- 
mous gullies  through  which  the  roads  and  mule  trails  oft;en  pass.  These 
gullies  are  always  on  hillsides,  though  not  necessarily  high  or  steep  ones^ 
and  have  frequently  been  made  by  the  washing  out  of  the  soft  mud  from 
the  bottoms  of  the  paths.  Once  the  natural  surface  is  broken  by  a  path, 
the  heavy  rains  rapidly  deepen  the  channel,  and  the  tropeiroa  continue  to 
follow  the  old  road,  which  sinks  year  after  year  into  the  earth.  These 
gullies  are  always  V-shaped  and  are  oft^en  so  narrow  in  the  bottom  that 
two  loaded  mules  cannot  pass  each  other  in  the  path. 

*  La  position  g6ologique  des  terrains  de  la  partie  aastrale  du  Br6sil.  M.  A.  Pissis.  M ^moire  de 
rinst.  de  Prance,  z,  1842,  p.  368.  Hartt  erroneously  makes  the  depth  of  the  decomposition  tiren  hy 
Pissis  300  meters  instead  of  100.    Geology  and  Phys.  Geog.  of  Brasil.    Ch.  Fred.  Hartt,  p.  S& 

t  Hassak  in  his  Relatorio  Parcial,  114,  notes  the  greater  resistance  of  itacolumite  than  of  sichists* 
while  Heasser  and  Claras  express  the  opinion  that  *'  metamorphioftchists  and  itacolumite  are  very 
liable  to  decomposition.  The  decomposition  of  itacolamite,  which  is  essentially  qoartsosc.  is  es- 
pecially characterized  by  a  Assuring  of  the  rock,  which  falls  to  powder."  Qi«ement  et  exploitation 
du  dlamant  dans  la  Province  Minas  Geraes  au  Brasil.  Ch.  Heusser  et  G.  Claras.  Ann.  des  Mines, 
6m e  R6r.,  xvii,  p.  291. 

X  Noydes  da  provincia  de  Minas  Geraes.  Henrique  Gerber,  2d  ed.  Hanover,  1874^  18.  Derby 
apeaks  of  the  difficulty  of  working  out  structure  in  the  interior  where  decomposition  is  so  deep. 
Archiyos  do  Museu  Nacional,  iv,  1881,  p.  126. 

I  Quaternary  deposits,  etcetera.    James  E.  Mills.    American  Geologist,  vol.  ill,  June,  1889,  p.  351. 
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I  have  seen  such  gullies  in  Minas  as  much  as  75  feet  deep  and  possi- 
bly more  than  that  in  some  instances.  The  banks  show  that  the  rocks 
have  simply  decomposed  in  place,  and  the  decomposition  is  often  so 
complete  that  the  entire  surface  exposed  is  practically  one  mass  of  parti- 
colored clays. 

Not  the  least  striking  thing  about  many  of  these  gullies  is  their  bright 
colors  and  the  fantastic  forms  produced  by  rapid  erosion.*  The  rocks 
seem  to  have  been  schists  for  the  most  part,  some  of  them  micaceous  and 
others  talcose.  Quartz  veins  are  common  in  them,  but  the  quartz  has 
broken  into  small  angular  fragments.  But  while  gullies  are  washed  out 
with  amazing  rapidity,  the  deepest  ones  I  have  seen  are  not  on  the  trails 
first  made  by  the  early  travelers  more  than  100  years  ago.  The  oldest 
gullies  seem  to  have  reached  a  depth  beyond  which  excavation  has  been 
retarded  for  some  reason,  and  thereafter  they  widened  at  the  top  until 
the  uppermost  part  of  the  decayed  rock  had  been  removed  over  an  area 
four  or  five  times  the  width  of  the  original  gully  when  its  principal  depth 
was  reached.  Some  of  the  most  remarkable  of  these  gullies  are  in  the 
region  between  the  Serra  de  Mantiqueira  and  Ouro  Branco. 

Natural  washouts  on  the  sides  of  the  hills  in  the  campo  region,  between 
Sitio  and  the  Ouro  Preto  mountains,  are  common  in  other  places  than  the 
trails,  however.  Dent  mentions  these  barrancas,  as  they  are  called,  ^'  often 
100  to  200  feet  deep,"  t  between  Brumado  and  Suassuhy. 

Mr  Wells  thinks  these  barrancas  are  land-slides.  X  Some  of  them 
doubtless  are,  but  certainly  not  all  of  them. 

Liais  states  that  in  about  40  years  between  300,000  and  400,000  cubic 
meters  of  earth  were  removed  from  one  of  these  barrancas.  Some  of  the 
barrancas  he  thinks  are  land-slides.  § 

Castelnau  thinks  the  land-slides  may  have  been  caused  partly  by  earth- 
quakes. 


•  Burton*B  Highlands  of  Brazil,  i,  p.  74.    8ud-Am6rique.    Charles  d'Ursel.    Paris,  1879,  p.  06. 

t  A  year  in  Brasil.    H.  C.  Dent    London,  1888,  p.  37. 

X  Three  Thoosand  Miles  throagh  Brazil.    J.  W.  Wells.    London,  1886,  vol.  ii,  p.  872. 

iClimats,  etcetera,  p.  4. 

I  Expedition  dans  TAmdrlque  du  Sad.,  i,  p.  202.  The  barrancas  about  Barbacena  ha?e  attracted 
more  attention  than  those  of  any  other  part  of  the  country,  because  Barbacena  is  on  the  highway 
leading  fh>m  Rio  de  Janeiro  to  the  gold  and  diamond  region  of  Minas. 

For  other  cases  of  deep  decomposition  see : 

Penedos  de  Dioritos  do  Valle  do  Parahyba  do  Sul.  Comte  de  la  Hare.  Revista  do  Institute 
Historieo  do  Brazil,  xzix,  1866,  pp.  422-429. 

Hartt's  Oeology  and  Physical  Geography  of  Brazil,  pp.  145, 159. 

Reise  in  Brasilien,  Spix  u.  Martius.    Manschen,  1823,  i.  p.  302. 

Trarels  in  Soath  America.  Alexander  Caldcleugh.  London,  1826,  yoI.  11,  pp.  192,  210, 213, 216, 227, 
229,230.258,200,282. 

Beitrige  snr  Oebirgskande  Brasillens.  Joh.  Em.  Pohl.  Wien,  1832.  pp.  26-28.  American  Natural- 
Ut,  Sept^  1884,  yol.  xviil,  p.  027. 

Ueber  das  Oeognostische  Verkommen  der  Diamanten.  V.  yon  Helmreichen.  Wien,  1846,  pp. 
6.7.12,U. 
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Some  of  the  most  interesting  and  most  impi^essive  cases  of  rock  decay 
that  have  fallen  under  my  observation  or  that  I  have  been  able  to  learn 
about  are  to  be  found  in  the  gold  mines  of  Minas  Geraes. 

The  old  rock  mines  of  the  Portuguese  and  Brazilian  miners  were  almost 
without  exception  in  decomposed  rocks.  These  early  miners,  however, 
probably  never  worked  mines  deeper  than  about  100  feet. 

At  S&o  Jo3,o  da  Chapada,  about  16  miles  west  of  Diamantina,  Minas 
Geraes,  the  diamond  mines  are  in  beds  of  schists  *  so  decomposed  that 
they  stand  only  at  the  angle  of  repose  for  clays  or  other  soft  materials. 
This  material  has  been  penetrated  to  a  depth  of  from  65  to  90  feet  with- 
out hard  rock  being  reached.f 

In  sinking  a  new  shaft  at  the  Morro  Velho  mine,  in  Minas,  in  1868-'69, 
*'  the  ground  proved  jointy  and  unfavorable  for  sinking  for  the  first  12 
or  13  fathoms,  after  which  it  became  harder  and  more  compact,"  though 
not  yet  firm.J  The  first  four  months'  work  was  in  unfavorable  ground 
(that  is,  decomposed  rock),  and  as  the  average  given  was  20  feet  a  month, 
at  80  feet  the  rock  was  not  yet  hard.  The  plan  and  sections  of  the  mines 
exhibiting  the  workings  for  January  31, 1876,  show  that  one  of  the  shafts 
was  timbered  to  a  depth  of  126  feet,  which  is  the  depth  of  decayed  rock 
at  this  point. 

The  present  superintendent  of  the  Morro  Velho  mine,  Mr  George  Chal- 
mers, has  kindly  written  me  as  follows  upon  this  subject :  "  In  sinking  the 
shafts  we  found  it  (the  clay-slate)  quite  soft  to  a  depth  of  25  fathoms  5 
feet  (155  feet).  It  then  turned  to  blasting  rock."  He  thinks  the  decom- 
position does  not  exceed  30  fathoms  on  the  Morro  Velho  property.  The 
same  gentleman  writes  me  that  at  the  Raposas  mine  the  ore  body  and 
some  of  the  country  rock  are  decomposed  in  certain  places  to  a  depth  of 
200  fe€t.§ 

At  the  Paria  mine,  near  Congonhas  de  Sahara,  a  depth  of  164  feet  has 
been  penetrated.  The  rocks  are  soft  schists,  "  sometimes  running  into 
genuine  clays."  || 

Prior  to  1825  the  old  Catta  Preta  mines,  near  Inficionado  and  about 

*Sur  lea  K^s^n^^Q^  diamantifdres  de  Minas  Geraea  (BrSsil).  (*orceix.  Comptes  Beodos 
xciii,  1881,  p.  982.  Ob8erva90e8  sobre  algumas  rochas  diaraantiferas  de  Minas  Geraes.  Pelo  Pr 
O.  A.  Derby.  Archlvos  do  Mus.  Nat,  It,  1879.  Rio  de  Janeiro,  1881,  p.  127.  Explorations  of  the 
Highlands  of  Brazil.    R.  F.  Burton.    London,  1869,  vol.  ii,  pp.  129-132. 

t  In  his  monograph  on  the  diamond  M.  E.  Boutan  (p.  134)  says  that  this  mine  is  40  meters  deep* 
He  gives  a  plate  (ii),  however,  made  from  a  photograph  which  shows  that  this  is  a  mistake— thst 
the  depth  is  as  stated  by  Derby. 

I  Thirty^ninth  An.  Rep.  Saint  John  del  Rey  Mining  Company,  1889,  pp.  5, 6;  Fortieth  Report,  pp. 
6-7. 

I  Private  letter,  dated  Morro  Velho,  August  3, 1895. 

I  L'or  &  Miuas  Geraes.  M.  Paul  Ferrand.  Ouro  Preto,  1894,  i,  p.  150.  Notice  sur  la  Mine  d'or 
de  Fario.    Situation  au  l«r  Jan.,  1894. 
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20  miles  north  of  Ouro  Preto,  were  worked  in  soft  rock  to  a  depth  of 
more  than  180  feet.* 

The  old  English  gold  mines  at  Cocaes  were  at  least  300  feet  deep,  and 
in  the  soft,  friable,  grayish  colored  micaceous  iron-schistf 

The  case  of  deepest  decomposition  I  have  been  able  to  find  recorded 
in  Minas  Geraes  is  that  shown  in  the  workings  of  the  old  Gongo  Soco 
mine.  The  reports  of  the  company  show  at  a  depth  of  330  feet  that  the 
material  was  still  soft ;  J  at  372  feet  it  was  remarked  §  that  "  very  little 
alteration  has  taken  place  in  the  level,  and  we  have  no  alteration  to  re- 
mark." 

Dr  Gardner,  who  was  at  Gongo  Soco  in  1840,  says  the  greatest  depth 
of  the  mine  at  that  time  was  378  feet,  and  that  the  schists  were  all  so  soft 
as  to  require  strong  pillars,  ||  while  Castelnau,  who  visited  this  mine  in 
1843,  remarks  that  it  was  worked  with  the  pick.  % 

The  Gongo  Soco  mine  was  sunk  to  a  depth  of  420  feet  in  1844,  but  I 
have  been  unable  to  find  out  whether  the  rocks  continued  soft  at  this 
depth.  ** 

James  E.  Mills,  who  studied  the  geology  of  Rio  Grande  do  Sul  about 
Lag6a  da  Ma9&,  writes  me  that  at  that  place  "  the  hard  feldspathic  por- 
phyry is  softened  ...  to  a  depth  of  12  or  15  feet,  but  the  softening 
is  by  no  means  as  extensive  in  this  part  of  Rio  Grande  do  Sul  as  in 
Minas."  Professor  Derby  reports  borings  made  in  Carboniferous  rocks 
of  the  basin  of  Arroyo  dos  Ratos,  Rio  Grande  do  Sul,  which  show  that 
the  rocks  are  there  decayed  to  a  depth  of  318  feet  in  one  place  and  393 
in  another. tt  This  last  is  the  greatest  depth  of  the  decomposition  of 
rocks  in  Brazil  actually  recorded. 

Huasak  says  the  plateau  of  schist  about  Catal&o,  in  the  southeast  corner 
of  Goyaz,  are  "  for  the  most  part  completely  decomposed."! J 

*  Ftrsi  Report  of  the  Imperial  Brasilian  Mining  Company,  1826,  pp.  66,  69,  70,  71. 

t  Tratelfl  in  the  Interior  of  Brazil.    George  Gardner.    P.  489. 

X  TveDly-eighih  Report  of  the  Directors  of  the  Imperial  Brazilian  Mining  Association.  London, 
1840,  Mining  Captains'  Rep.,  pp.  41,  49-63. 

I  Thirtieth  Report,  1841,  pp.  48, 66 ;  Thirty-first  Report,  1841,  p.  35.  The  reports  of  this  company 
also  contain  many  general  statements  and  some  measaremente  of  decomposition  of  the  rocks  at 
the  Antonio  Pereira,  Cata  Preta  and  other  mines.  First  Report,  1826,  p.  16;  Second  Report,  1826, 
pp.  52. 53. 

I  TrsTels  in  Interior  of  Brazil.    George  Gardner.    London,  1846,  p.  493. 

T  Expedition  dans  TAm^rique  da  Sud.  Hlstoire  du  Voyage.  F.  de  Castelnau.  Paris,  1850,  i,  p. 
247. 

**  L'or  &  Minas  Geraes.    M.  Paal  Ferrand.    Ouro  Preto,  1894, 1,  pp.  107, 410. 

ttNote  on  the  decay  of  rocks  in  Brasil.  Amer.  Jour.  Sci.,  3d  ser.,  toI.  xxyii,  1884,  p.  138.  This 
boring  penetrates  the  underlying  gneiss  69  feet,  and  it  occurs  to  one  that  this  part  of  the  decay 
may  have  taken  place  before  the  deposition  of  the  overlying  sediments.  Professor  Derby,  how- 
«Ter,  does  not  think  so.  On  decay  of  300  meters  said  to  have  been  reported  by  Pissls  see  foot-note, 
p.  280. 

n  Belatorio  parcial  da  CommissAo  ezploradora  do  Planalto  Central  do  Brazil.  Rio  de  Janeiro, 
1893,  p.  112. 
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In  his  itinerary  in  Goyaz  Castelnau  represents  the  granite  just  north 
of  Aldea  de  Carretao  as  much  altered  * 

Liais,  who  traveled  extensively  in  Brazil,  especially  in  the  valley  of  the 
Sao  Francisco,  says  that  it  is  no  uncommon  thing  to  find  places  where 
the  gneiss  is  changed  to  clay  to  a  depth  of  more  than  100  meters-t  The 
deep  decay  of  the  rocks  has  been  noted  in  the  state  of  Matto  Grosso  hj 
the  writer,  and  also  by  Dr  Severiano  da  Fonseca.  J 

In  the  state  of  Bahia  the  crystalline  rocks  everywhere  show  the  effects 
of  decomposition.  In  Sergipe  and  Alagdas  the  decay  of  the  gneiss  and 
granite  which  lie  inland  from  the  Cretaceous  sediments  which  border  the, 
coast  is  more  marked  than  that  of  the  sedimentary  rocks.  The  schists 
along  the  lower  Rio  Sao  Francisco  are  much  affected  locally,  some  of 
them  decaying  much  more  rapidly  than  others. 

In  the  state  of  Pernambuco  the  rocks  are  mostly  granites  and  gneisses, 
and  these  are  deeply  decomposed,  especially  near  the  coast.  The  enor- 
mous cuts  on  the  Recife  k  Sao  Francisco  railway  are  almost  all  in  decayed 
granites.  Similar  decomposition  (though  not  so  deep  cuts)  and  many 
exfoliated  blocks  are  shown  at  a  number  of  places  in  crossing  the  moun- 
tains from  Palmares  to  Bonito  and  in  the  vicinity  of  the  latter  place. 
From  Pao  d'Assucar  on  the  Rio  Sao  Francisco  to  Aguas  Bellas  the  gran- 
ites are  sometimes  deeply  decayed,  especially  in  the  valleys,  and  boulders 
of  decomposition  are  common  everywhere  through  the  gneiss  and  granite 
region  lying  inland  from  the  schists  and  sedimentary  rocks. 

In  the  state  of  Pard  the  older  rocks  are  found  in  place  only  away  from 
the  river  or  from  the  main  axis  of  the  Amazon  valley.  Tliey  usually 
appear  at  the  fall  line  in  ascending  the  affluents  of  the  Amazon.  At  the 
rapids  first  encountered  in  ascending  the  Araguary  on  the  north  side  of 
the  valley  the  rocks  are  granites  and  are  everywhere  deeply  decomposed 
and  weathered  into  exfoliated  boulders. 

Agassiz  often  refers  to  the  widespread  decomposition  of  the  rocks  of 
Brazil.  In  one  place  he  speaks  of  them  being  "  reduced  to  the  condition 
of  a  soft  paste,  exhibiting  all  the  mineralogical  elements  of  the  rocks  as 
they  may  have  been  before  they  were  decomposed,  but  now  completely 
disintegrated ; "  §  but  though  he  makes  frequent  reference  to  the  wide- 
spread decomposition  of  the  rocks  he  gives  but  few  measurements  of  the 
actual  depth  to  which  he  found  it  to  extend.    In  one  place  he  speaks  of 

*  Expedition  dans  rAmdrique  du  Sad.   IVmepartie.   Itineraire  et  Coupe  O^ologique.  PlanchelS. 

t  Glimats,  G^ologie  du  Br^sil.    E.  Liais.    Paris,  1872,  p.  2. 

X  Viagem  ao  redor  do  Brazil.    Rio  de  Janeiro,  1880,  vol.  1,  pp.  27, 323,  366,  381. 

I  On  the  drift  in  Brazil.  L.  Agassiz.  Amer.  Jour.  Sci.,  2d  ser.,  vol.  xl,  1865,  p.  389.  A  Joarney 
in  Brazil.  Profesfor  and  Mrs.  L.  Agassiz.  Boston,  1868,  pp.  86-89,  400,  iOl.  Atlantic  MoDtblyi 
vol.  xviil,  July,  1866,  p.  60. 
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the  drill  (much  of  this  decayed  material  Agassiz  regarded  as  of  glacial 
origin)  as  attaining  a  thickness  of  162  feet.* 

Absence  of  decampodtion. — It  is  worthy  of  note  that  in  certain  arid  re- 
gions of  Brazil  decomposition  has  not  been  nearly  so  deep  as  it  has  been 
in  the  forest-covered  parts.  This  is  a  striking  feature  of  surface  geology 
in  the  Cretaceous  and  Tertiary  regions  of  northeastern  Brazil. 

Beginning  in  the  high  Tertiary  plateau  of  the  interior  of  Bahia  and  in- 
cluding much  of  Sergipe,  Alag6as,t  Pernambuco,  Parahyba,  Rio  Grande 
do  Norte  and  Ceard,  J  the  soil  is,  for  Brazil,  remarkably  thin  in  many 
places,  especially  in  the  more  elevated  campos,  where  the  rocks  are  clayey 
and  the  drainage  is  rapid.  Spix  and  Martius  must  have  been  impressed 
by  this  fact, Tor  Ihey  were  of  the  opinion  that  the  soil  had  been  removed 
by  wave-action  {Meerfluthen)  from  much  of  the  area.  § 

The  campo  r^ion  of  the  Tertiary  rocks  about  Er6r6  and  Monte  Alegre, 
on  the  Amazon,  Hartt  found  destitute  of  soil.  || 

One  of  the  noteworthy  features  of  this  decomposition,  wherever  it 
occurs  in  Brazil,  is  that  it  does  not  penetrate  the  rocks  everywhere  alike, 
even  when  they  are  massive  and  apparently  homogeneous. 

Mr  Darwin  noted  that  the  "  decomposition  did  not  appear  at  all  con- 
formable with  the  present  undulations  of  the  surface,"^ 

Decomposition  proceeds  along  joints  and  other  planes  of  weakness, 
and  as  it  penetrates  to  greater  depths  undecayed  masses  are  left  behind 
in  the  shape  of  boulders  of  decomposition. 

I  have  no  doubt  that  decay  is  greatly  hastened  by  the  localization  of 
conditions  favoring  rock  decay,  and  in  the  main  the  generalizations  of 
Pumpelly  **  and  of  Gilbert  ft  in  regard  to  the  action  of  plants  hold 
good,  though  there  are  many  exceptions  to  such  a  rule. 

The  unequal  resistance  of  certain  gi'eat  bands  of  gneiss  is  well  illus- 
trated in  the  fiat-sided  peaks  about  Theresopolis,  which  form  the  organ 
pipes  of  the  Organ  mountains. 

In  deep  mines  and  tunnels  this  selective  action  is  shown  by  occasional 
beds  of  soft  materials  in  the  midst  of  hard  ones.  In  the  Morro  Velho 
mines  such  a  soft  bed  was  struck  at  a  depth  of  755  feet,  after  the  shaft 

*8ur  la  gtelogie  de  rAmason.  MM  Agassis  et  Coutinho.  Bui.  de  la  Soc.  G^l.  de  France, 
lK7-'68,  ixT,  p.  6»7. 

fSee  also  Der  SertAo  der  Proylns  Alag6as  u.  Die  F&lle  des  Paulo  AfTonso.  Rio  de  Janeiro,  1880, 
pp.  30, 31. 

t  Trabalhos  da  Commissfto  Soleniifica,  1.  Rio  de  Janeiro,  1862.  Rel.  da  Sec^fto  Geologica.  G.  S. 
d«  Capanema,  cxxt. 

i  Reise  in  Brasilten,  iii,  1873. 

f  Contributions  to  the  geology  and  physical  geography  of  the  Lower  Amaaonas.  Ch.  Fred. 
HartL    Bui.  Buffalo  Soc.  Nat  Sci.,  1874,  p.  211. 

'Geological  Observations,  p.  428. 

••  Amer.  Jour.  Sci.,  3d  ser.,  rol,  xvii,  1879,  p.  187, 

tf  Geology  of  the  Henry  Mountains,  p.  119. 
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for  two  weeks ;  there  were  land-slides  on  the  North  line,  several  on  the 
D.  Pedro  II  and  on  the  Uni&o  Valenciana;  several  on  the  Leopoldina; 
one  slip  took  place  on  the  S.  Paulo  branch  in  decomposed  gneiss.* 

In  general  the  land-slides  so  common  through  the  Serra  do  Mar  region 
represent  a  considerable  part  of  the  denudation  on  account  of  the  great 
masses  of  earth  moved  short  distances ;  they  also  expose  fresh  surfaces 
to  the  rain  and  running  water  and  greatly  hasten  denudation  in  this 
way. 

Along  the  coast  from  Rio  de  Janeiro  to  Bahia  one  sailing  near  the 
shore  may  see  here  and  there  great  red  and  yellow  spots  upon  the  land- 
scape, caused  by  the  land-slides  and  barrancas  or  washes  in  the  decom- 
posed gneiss  of  that  region. 

I  see  no  reason  for  appealing  to  hydrostatic  pressure  for  the  explana- 
tion of  land-slides,  as  Burton  has  done,t  or  to  earthquakes,  as  Castelnau 
suggests.  X  They  are  to  be  attributed  to  the  profound  decay  of  feldspathic 
rocks  which  yield  slippery  clays  and  kaolins  and  to  the  concentration  of 
a  large  precipitation. 

TALUS  AND  ITS  DECOMPOSITION, 

The  formation  of  talus  slopes  is  not  so  striking  a  feature  of  surface 
geology  in  Brazil  as  it  is  in  cold  climates.  This  is  probably  due  to  the 
fact  that  in  cold  regions  talus  is  produced  chiefly  by  spalling  off  and  by 
the  freezing  and  thawing  of  water  in  the  cracks  of  the  cliffs.  Such 
agencies  are  wanting  or  but  feeble  in  the  tropics.  Spalling  off  is  caused 
by  changes  of  temperature,  as  will  be  pointed  out  later,  but  the  rock 
comes  away  less  rapidly  than  in  cold  climates,  and  the  tendency  for  it 
to  disintegrate  is  more  pronounced  than  the  tendency  to  flake  off. 

The  talus  that  does  accumulate  at  the  bases  of  cliffs,  bluffs  and  ledges 
decays  rapidly  and  the  slopes  are  therefore  usually  soil  slopes  instead  of 
rock  slopes.  The  rapid  decay  of  these  fragments  is  due  to  the  fact  that 
they  expose  a  larger  percentage  of  their  surfaces  to  atmospheric  agencies, 
and,  furthermore,  they  fall  upon  a  soil  supporting  a  rank  vegetation  and 
abundant  insect  life,  whose  acids  make  quick  work  of  their  disintegra- 
tion, while  the  heavy  rainfall  removes  the  residue  rapidly.  The  talus 
slopes  in  granite  regions  that  most  nearly  resemble  true  rock  talus  are 
those  near  the  ocean,  where  the  waves  remove  the  soil  at  the  base.  There 
is  a  slope  of  this  kind  at  the  south  base  of  the  P&o  d'Assucar  at  Rio  de 
Janeiro.  Typical  talus  slopes  of  Brazil  occur  along  the  whole  length  oi 
the  Serra  do  Mar  and  of  the  Serra  da  Mantiqueira,  in  the  mountains 

•  Revista  de  Engenharia.  ii,  no.  2,  Feb.  15, 1880.    The  Rio  News,  Jan.  25, 1880. 
t  Highlands  of  Brazil,  i,  p.  73. 
X  Expedition,  i,  p.  202. 


TALUS  SLOPES.  269 

about  Bonito,  Garanbuns  and  Aguas  Bellas,  in  tbe  state  of  Pernam- 
buco,  and  wherever  granites  or  gneisses  form  mountains  throughout  the 
country. 

Some  of  the  best  talus  slopes  of  this  type  at  Rio  de  Janeiro  are  those 
at  the  south  base  of  the  Corcovado  and  at  the  east  base  of  the  Gav^a. 

In  a  few  instances  I  have  seen  talus  slopes  in  Brazil  which  more  nearly 
resemble  those  of  cold  climates  than  the  ones  just  mentioned.  There 
are  such  slopes  along  the  north  base  of  the  Serra  d'ltabaiana,  in  the 
state  of  Sei^pe.  The  underlying  rocks  there  are  gneisses,  while  the  im- 
mediately overlying  ones  are  hard,  resisting  quartzites,  and  as  the  beds 
dip  away  toward  the  Boutheast  at  an  angle  of  about  30^  the  fragments 
of  the  decaying  outcrop  roll  down  the  northwest  slope.  These  rocks 
resist  weathering  influences  sufficiently  well  to  form  a  true  talus  slope. 

There  are  talus  slopes  also  at  the  bases  of  the  phonolite  peaks  of  the 
island  of  Fernando  de  Noronha.*  The  geology  of  that  island,  however, 
is  different  from  that  of  most  of  the  Brazilian  mainland,  while  the  en- 
croachment of  the  sea  tends  to  remove  the  soil  and  to  keep  the  surface 
rocks  fresh. 

EXFOLIATION. 

In  general. — Where  massive  crystalline  rocks  are  openly  exposed  they 
decay  at  the  immediate  surface  and  they  also  break  up  by  a  process  of 
exfoliation.  These  processes  produce  characteristic  forms,  both  for  the 
rock  fragments,  large  and  small,  and  for  the  peaks  and  exposed  parts  of 
hills  and  mountains.  These  weathered  surfaces  are  of  two  types,  pro- 
duced by — 

a.  Exfoliation  in  concentric  layers,  leaving  rounded  surfaces  and  in 
some  cases  sharp  peaks.  This  process  affects  mountain  masses  as  well 
as  boulders.   - 

6.  Disintegration  in  vertical  trenches  of  rounded  sides,  leaving  the  rock 
surface  with  a  corrugated  or  fluted  appearance. 

ExfolicUion  of  peaks. — The  topographic  forms  produced  by  the  exfolia>- 
tion  of  openly  exposed  large  masses  of  granite  and  gneiss  are  as  a  rule 
so  characteristic  that  they  often  afford  valuable  suggestions  to  the  geol- 
ogist, even  at  long  distances,  regarding  the  nature  of  the  rocks.  They 
are  especially  serviceable  in  reconnoissance  work  along  lines  of  contact 
between  crystalline  and  sedimentary  rocks  through  the  mountainous  and 
thickly  wooded  regions. 

Exfoliated  peaks  and  bosses  are  so  abundant  about  Rio  as  to  give  char- 
acter to  the  scenery  on  every  side,  and  such  forms  extend  up  and  down 
the  coast  and  inland  almost  everywhere  that  granite  and  gneiss  exist. 

*  Geology  Fernando  de  Noronha.    Amer.  Jour.  ScL,  yoI.  xxxvii,  1889,  pp.  145-161. 
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Such  hills  often  have  a  striking  resemblance  to  some  of  the  great  glaciated 
rock  surfaces  of  the  north,  so  round  and  smooth  are  they.  Indeed, 
Agassiz  was  at  one  time  of  the  opinion  that  many  of  those  above  Rio  de 
Janeiro  were  roches moutonneea*  In  other  cases  they  resemble  in  outline 
volcanic  cones,  f  Sometimes  there  is  one  abrupt,  perpendicular,  or  even 
overhanging  face,  while  the  other  sides  slope  away  at  a  low  angle. 

The  faces  of  these  bare  rocks  are  usually  so  steep  that  ordinary  vegeta- 
tion can  find  no  foothold  on  them,  although  they  are  usually  beautifully 
adorned  with  epiphytes,  and  especially  with  little  gray  bromelias,  bearing 
white  and  pink  flowers.  Toward  the  summits  on  these  rocks  the  lower 
angles  of  the  faces  allow  a  little  soil  to  accumulate,  and  here  hardy  ferns 
and  such  plants  as  readily  withstand  dry  weather  J  quickly  gain  foot- 
hold, while  the  summits  are  often  crowned  with  bushes  and  even  with 
large  trees.    The  distribution  of  these  topographic  forms  corresponds  in 

the  main  with  the  distribution  of 

^^^^"^"^^V.  the  granites  and  gneisses,  and  I 

>^''  ^  have  never  seen  them  in  rocks  of 

/^''  r  any  other  kinds. 

y>  Y  It  is  a  noteworthy  feature  of 

y\l  Y  this  exfoliation  of  peaks  that  the 

T^ '  ^^*5»*T»r-    flakes  come  to  a  feather  edge  on 

the  downhill  side,  so  that  they 

FIGURE  u-'Diagram  illustrating  the  Exfoliation     overlap    Cach   othcr  like  gigantic 

scales.  This  is  shown  in  almost 
every  view  of  these  exfoliated  mountains.  The  accompanying  diagram 
exhibits  the  theoretic  arrangement  of  these  crevices  on  different  slopes. 
These  scales  also  wrap  around  the  peak,  as  may  be  seen  in  the  case  of 
the  Gav^a  (see  plate  12).  On  the  shore  at  Copocabana,  on  the  other  hand, 
these  scales  seem  to  be  inverted  (see  plate  11).  This,  however,  may  be 
a  local  accident.  § 

The  most  striking  illustrations  of  these  forms  occur  in  the  Serra  do 
Mar.  They  abound  in  and  about  Rio  de  Janeiro,  where  they  give  char- 
acter to  the  scenery  and  make  the  bay  of  Rio  the  most  beautiful  and  im- 
pressive harbor  in  the  world.  At  the  very  entrance  to  the  bay  stands 
the  Pao  d'Assucar,  a  solid  mass  of  gneiss  more  than  1,2(X)  feet  high,  and 
rising  on  one  side  straight  from  the  water's  edge. 

•Jour.  Geol.,  Nov.-Dec,  1893,  p.  768. 

t  Agassis :  Journey  in  Brasil,  p.  69. 

X  Among  the  plants  quite  characterisiio  of  such  places  are  certain  large  species  of  Bn^^ 
whose  equitant  leaves  serve  as  receptacles  and  reservoirs  for  the  rain  and  dew  and  thus  supply 
them  with  abundant  moisture  even  when  the  soil  is  almost  entirely  wanting. 

2 1  am  indebted  to  Mr  Edward  S.  Benest,  of  Rio  de  Janeiro,  for  the  photograph  of  the  Copoesbuis 
rock,  and  for  several  others  illustrating  this  paper. 


pAo  d'assucar,  or  sugar  LOAy. 


W^\}^'- 
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The  Pao  d'Asaucar  or  Sugar  Loaf  is  so  steep  that  it  is  barely  possible 
to  ascend  it  only  on  one  side — ^the  slope  on  the  right  shown  in  the  illus- 
tration ;  on  all  the  other  sides  it  is  perpendicular  or  overhanging  (see 
also  plate  10).  Its  steep  sides  are  covered  with  little  air  plants,  and  the 
least  steep  one  supports  patches  of  sticky  grass  {capim  gordura),  and  on 
the  summit  is  a  cluster  of  small  trees  and  ferns. 

From  the  top  of  the  Sugar  Loaf  the  view  of  the  hills  and  peaks  to  the 
west  includes  almost  every  variety  of  topographic  form  to  be  found  in 
the  gneiss  and  granite  regions  of  the  Serra  do  Mar  of  Brazil. 

The  Gav^a  (plate  12)  is  a  fiat-topped  mountain  2,432  feet  high  (Homem 
de  Mello),  about  four  miles  west  of  the  city  of  Rio,  and  might  appear  to 
be  an  exception  to  the  rule  that  granites  and  gneisses  produce  rounded 
forms ;  but  this  is  more  apparent  than  real.  In  general  outline  the  mass 
of  the  Gav^a  is  as  much  like  the  other  mountains  around  it  as  any  other 
peak.  It  is  a  mass  of  gneiss,  and  the  banding  is  approximately  hori- 
zontal. The  flat  top  is  made  by  one  great  bed  several  hundred  feet  thick, 
being  a  little  more  resisting  than  the  rest  of  the  mass.  This  layer  has 
allowed  the  original  top  to  be  entirely  removed,  but  it  has  protected  the 
lower  part  of  the  mountain  somewhat.* 

The  Corcovado  is  2,329  feet  high,  of  coarse  porphyritic  granite  at  the 
top.  On  the  south  side  it  falls  away  almost  perpendicularly  a  clean  face 
of  over  a  thousand  feet,  while  to  the  northwest  its  slope  is  sufficiently 
gentle  to  admit  of  easy  climbing.  Exfoliation  goes  on  now  only  on  the 
precipitous  face,  the  other  sides  being  covered  with  vegetation. 

Just  east  of  the  Corcovado  is  a  rounded  peak  which  may  be  taken  as  a 
representative  of  a  large  number  of  the  exfoliated  gneiss  hills  of  the  re- 
gion. It  is  shown  in  the  middle  in  figure  3.  Here  the  surface  has  flaked 
ofiF  in  great  sheets  that  have  slid  down  the  mountain  slopes.  The  angle 
has  now  become  so  low  that  vegetation  is  rapidly  encroaching  upon  the 
mountain  mass  from  the  lower  slopes  and  also  from  the  cluster  of  trees, 
bushes  and  undergrowth  that  crowns  the  summit. 

It  seems  invidious  to  mention  any  of  the  less  prominent  exfoliated 
peaks  about  Rio.  The  Dois  Irmaos  between  the  Jardim  Botanico  and 
the  Gav^a  and  the  one  on  which  the  church  of  Nossa  Senhora  da  Penha 
stands,  however,  come  to  mind  as  examples  worthy  of  special  mention; 
the  latter  is  near  the  bay,  northwest  of  the  city  of  Rio.  No  less  interest- 
ing and  striking  are  the  sharp  and  lofty  but  always  rounded  peaks  of 
the  Organ  mountains — peaks  so  slender  that  they  have  given  name  to  the 
mountains  in  which  they  occur.  The  accompanying  figure,  4,  will  tell 
more  of  the  appearance  of  one  of  these  peaks  than  any  verbal  description. 

«The  top  of  the  Gav6a  in  accessible  with  difflcutty  at  one  point  only.    The  summit  is  covered  hj 
exfoliated  boulders.    Near  at  hand  it  is  the  most  impressive  of  the  rocks  about  Rio  de  Janeiro. 
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Aaide  from  the  general  deecription  of  the  process  of  exfoliation  by  which 
these  forma  are  produced,  it  is  here  in  place  to  give  the  explanation 
offered  by  Agaasiz  for  theee  particular  peaks.  He  says  that  the  strata  of 
"  which  they  are  formed  are  nearly  or  quite  vertical,  and  that  the  harder 
seta  of  beds  alone  have  remained  standing,  the  softer  intervening  beds 
having  been  gradually  diaint^rated."  * 


vadefrom  Bolafogo.  Rio  ie  Jan 


r  — 

^■re  are  several  impressive  examples  of  exfoliated  mountain  r 
in  1|p  immediate  vicinity  of  Nova  Priburgo,  some  of  which  are  shown  in 
figures. 

*A  Ji>iirn*7  Id  Bru[L  Proreuor  aad  Mm  L.  Aguili 
Md  PhfilcBl  GsoEnphyot  Bn>[].  Oh.  Fred.  HsrU.  P.  1 
F*nhTl«  rollo*!  tbs  ■Irlke  of  Iha  gnelM.    Tniels  In  Br 
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The  Serm  de  Macahe  eaat  of  Nova  FribuiTj;o  is  characterized  by  the 
peaks  and  cones  resembling  those  about  Rio  de  Janeiro,*  while  from 


PiamK  ^.—Dfdo  dt  Otm.  . 

„    ,        .  ^  ,,  Cape  Fno  is  of  crystalline  rock  (foy^ 

mouDtaini,  Braiu.  ite),  and  though  the  upper  portions  are 

•  Relte  niwh  Brullien.    B.  BurmeisUr.    Berlin,  ISM,  pp.  139,  ITt,  1T«. 

tNotea  of  >  NalurBlist  in  Soulh  Amerloa.  John  Bull,  IBST,  p.  Sit.  Rerraitiiter:  It«lM  iwclt 
bnwillen,  p.  MO. 

1  U«b«rdsiiGeosiiiHtliclieVorkommeatl«rDiami»itaD.  Virgil  *.  Uelraralc  ben.  Wlen  IMlp.  T. 

1  DflsoriptAo  do  Itoti*i«.  Por  Jiu«  Franklin  da  Silra.  RerliU  do  Inab  Hfat  do  Braill,  iili.  pt 
1,  pp.  4ia-lIS.  TiitsanMa  OeoiniphlciM.  Pala  Barfto  Homam  da  Uello.  RaTlat  Inat.  Blat,  II  pt-  >■ 
pp.  IST-ITB.  DerbTura  IMtiala  i(  nepheUoe  tyeDtta  Inolead  of  granite,  ai  others  haia  italsd. 
qu*r.  Jour.  0«ot.  Soe.,  1W7,  xllll,  p.  UI. 
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covered  with  forests  the  lower  slopes  show  the  usual  smooth,  exfoliateil 
surfaces. 

Nearly  all  the  small  islands  of  gneiss  along  the  coast  both  north  and 
south  of  Rio  are  beautifully  rounded  by  exfoliation.  * 

On  the  Parahyba  above  Campos  the  hills  begin  about  three  miles  below 
Sd.0  Fidelis,  and  thence  up  that  stream  the  exfoliated  hills  appear  here 
and  there  far  into  Minas  and  Sfto  Paulo.  Some  of  the  peaks  near  Sao 
Fidelis  are  especially  impressive  on  account  of  their  height,  size,  perpen- 
dicular sides  and  their  rounded  faces.  The  topography  as  a  whole  i:> 
strikingly  like  that  at  and  about  Rio  de  Janeiro. 

The  great  Garrafao  south  of  Limeira,  on  the  northeast  border  of  the  state 
of  Rio  de  Janeiro,  is  another  fine  example  of  an  exfoliated  peak.  It  is 
completely  isolated  in  the  plain  and  has  an  elevation  of  910  meters. t 
Serra  da  On9a,  about  18  miles  north  of  Campos,  is  another  gneiss  peak 
1,400  meters  in  height.  Between  the  Garrafao  and  the  Serra  da  On9a  is 
one  of  the  most  striking  mouqtains  of  exfoliation  to  be  seen  along  this 
coast — the  Pedra  Liza  at  the  western  end  of  the  Morro  Bahti.  Mouchea 
gives  the  elevation  of  the  Pedra  Liza  as  3,737  feet,  and  it  rises  smooth  and 
perpendicular  on  all  sides. 

The  Serra  do  Mar  continues  into  the  state  of  Espirito  Santo  with  a  vast 
number  of  spurs  and  peaks  and  exhibiting  everywhere  the  same  general 
topographic  features  as  it  does  farther  south.  In  the  southern  part  of  the 
state  the  Serra  de  Itabapuana  has  some  tall,  needle-shaped  peaks  very 
much  like  those  of  the  Organ  mountains,  some  of  which  are  several  thou- 
sand feet  high.    The  Frade  is  said  by  Mouchez  to  be  6,770  feet  high. 

At  Victoria  the  church  of  Nossa  Senhora  da  Penha  is  built  on  the  sum- 
mit of  an  exfoliated  peak  of  gneiss. 

Along  the  Jequitinhonha  rounded  gneiss  hills  are  abundant  from  ^ 
short  distance  below  Calh&o  to  the  Sal  to  Grande  on  the  boundary  between 
Minas  and  Bahia.J 

There  are  a  large  number  of  conical  hills  of  gneiss  at  and  about  the 
city  of  Victoria,  state  of  Elspirit'o  Santo.  Monte  Moreno,  one  of  them,  is 
700  feet  high ;  Pao  d'Assucar,  another  precipitous,  almost  vertical  rock^ 
is  about  600  feet  high. 

Vincent,  in  describing  the  country  along  the  Central  railway  in  Bahia, 
says: 

**  Near  Tanquinho  the  hills  assumed  an  appearance  similar  to  those  round  about 
the  bay  of  Rio  de  Janeiro.    I  saw  even  a  huge  rock  facsimile  of  the  Sugar  Loaf 

*  For  a  sketch  of  one  of  the  Islands  of  Sant*  Anna  off  Macah^ree  Hartt*8  Geology  and  Phys.  Geog. 
of  Brazil,  p.  42. 
t  Les  cotes  du  Br^sil.    M.  E.  Mouches.    Paris,  U76,  p.  180. 
X  Uartt :  Geol.  and  Phys.  Qeog.  of  Brasil,  p.  166. 
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and  another  of  the  tahle-topped  Gavda.    Some  great  domes  of  solid  rock  were 
visible.     -     .    .    " » 

In  the  gneiss  region  of  the  Pernambuco  these  rounded  forms  are  com- 
mon in  the  mountains  west  of  the  city,  about  Bonito  and  Aguas  Bellas. 
In  the  northern  part  of  Brazil,  however,  these  mountains  are  not  so  lofty 
as  they  are  about  Rio  de  Janeiro  and  south  of  that  city  along  the  coast. 
In  Cear&  the' rounded  and  exfoliated  hills  are  common  in  the  gneiss 
regions  also.  At  and  about  Quixad&  such  forms  are  so  common  that 
scores  of  them  may  be  seen  in  the  immediate  vicinity.  There  is  a  good 
example  at  the  end  of  the  great  Quixadd  dam.f 

Near  Sobral  is  one  of  these  isolated  granite  peaks,  popularly  supposed 
to  be  a  volcano.} 

Mr  Darwin  §  suspects  "  that  the  boldly  conical  mountains  of  gneiss- 
granite  near  Rio  de  Janeiro,  in  which  the  constituent  minerals  are  ar- 
ranged in  parallel  planes,  are  of  intrusive  origin."  This  arrangement  of 
the  minerals  is  a  feature  of  Brazilian  gneiss  which  is  not  confined  to  the 
peaks  alone. 

Exfoliation  ofboiddera. — In  Brazil  boulders  of  decomposition  are  char- 
acteristic of,  and  so  far  as  I  am  aware  are  confined  to,  the  regions  of 
crystalline  rocks.  They  are  common  about  Rio  de  Janeiro,  where  they 
are  sometimes  as  much  as  50  feet  in  diameter.  The  noted  boulders  below 
the  hotel  at  Tijuca,  cited  by  Agassiz  and  Hartt  in  evidence  of  the  glacia- 
tion  of  Brazil,  are  boulders  of  decomposition,  some  of  which  have  rolled 
down  from  the  mountains  above;  ||  other  large  ones  lie  upon  the  south 
side  of  the  Tijuca  peak,  in  the  forest.  Excellent  examples  are  abundant 
on  the  islands  in  the  bay  of  Rio  de  Janeiro. 

Plate  13  shows  some  of  them  on  the  beach  on  the  island  of  Paquet& 
in  the  bay.  There  are  many  other  small  islands  in  the  bay,  especially 
about  the  Ilha  do  Governador,  on  which  they  are  abundant,  while  at 
many  places  heaps  of  them  appear  above  water  where  the  soil  and  softer 
materials  have  been  removed.^  There  are  similar  boulders  on  the  sum- 
mit of  the  Sugar  Loaf  and  of  the  Gav6a;  there  are  many  of  them  about 
the  south  base  of  the  Sugar  Loaf.  There  are  several  very  fine  ones  at 
the  foot  of  the  hills  on  the  east  side  of  Lagda  Rodrigo  de  Freitas,  and 
oUiers  at  the  south  base  of  the  Gav^a.    Eschwege  records  many  about 

*Aroand  aod  about  Soath  Amerloa.    Frank  Vincent,    ftth  ed.,  New  York,  1895,  p.  313. 

fThe  Stote  of  Cear&.    Jo86  Freire  Fontenelle.    Chicago,  1093,  p.  82. 

X  Trabalbo  da  CommissAo  Scientlflca  de  Explora^fto.  I,  Tntroduc^Ao,  Rio  de  Janeiro.  1862.  Re- 
latono  da  Sec^o  Reologioa.    O.  S.  da  Capenena,  cxzzix. 

i  Geological  OlMer?atloni,  p.  468. 

I  Agassiz:  Journey  in  Brasil,  p.  86.  Hartt:  Geology  and  Phys.  Geog.  of  Brazil,  pp.  28-90.  Bran- 
ner:  Jour,  of  Geol.,Tol.  i,  1893,  p.  764. 

5 See  alsoReise  nach  Brasilien.  H.  Burmel^ter.  Berlin,  1863,  iil,  p.  112.  See  also  South  Ameri- 
can Sketches.    T.  W.  Hinohlifr.    London,  1868,  p.  224. 
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Angra  dos  Reis,  in  the  southern  part  of  the  state  of  Rio  de  Janeiro* 
Mr  Darwin  speaks  of  having  seen  at  Rio  'Uarge  sized  boulders  of  green- 
stone." t 

In  the  region  northeast  of  Rio  they  are  locally  abundant  from  the  bay 
to  Bahia,  varying  in  size  from  a  few  inches  to  more  than  fifty  feet  in 
diameter  (see  plate  14).  They  are  more  abundant  in  the  mountainoufl 
and  hilly  regions,  but  they  are  not  confined  to  them.J  Some  enormous 
blocks,  25  or  30  feet  in  diameter,  have  been  cut  through  in  building  the 
highway  and  railway  from  the  foot  of  the  Serra  to  Petropoli8.§  Here 
and  there  they  have  been  left  perched  upon  points  and  ledges  by  the 
decay  and  removal  of  the  rock  from  about  them.|| 

Many  striking  illustrations  occur  at  and  about  Itatiaia,  in  western  Rio 
de  Janeiro.  A  beautiful  example  is  figured  by  Homem  de  Mello  at  this 
peak.^  Along  the  line  of  the  Pedro  Segundo  railway  they  may  be  seen 
all  the  way  from  Rio  de  Janeiro  to  near  Barbacena.  In  the  interior  of 
Minas  similar  boulders  are  found  wherever  the  granites,  gneisses  or  other 
crystalline  rocks  occur.''®'^  They  are  abundant  along  the  valley  of  the 
Parahybuna,  both  in  Minas  and  Rio  de  Janeiro ;  on  the  Serra  das  Abo- 
boras  near  Parahyba  do  Sul ;  ft  o^  the  southeast  spur  of  the  Serra  de  S. 
Geraldo  near  Ub&,  in  southeastern  Minas ;  H  on  the  summit  of  the  ridge 
north  of  S.  Jo&o  Baptista  near  01iveira,§§  and  also  between  Trigueira  and 
Bom  Dispacho.llll  In  Goyaz  there  are  enormous  blocks  of  gneiss  between 
Ciganos  and  Estalagem,  in  the  valley  of  Rio  Santa  Thereza,^^  Central 
Goyaz. 

In  the  state  of  Paran&,  at  the  port  of  Paranagua,  the  tel^raph-signal 
hill  above  the  village  of  Cutinga  is  of  granite  and  has  many  large  boul- 
ders of  decomposition  on  and  about  it.  They  fiank  the  Morro  da  Penha 
at  Victoria.***  Thereare  great  numbers  of  granite  boulders  at  the  falls  of 
the  Jiquitinhonha,on  the  border  line  between  Bahia  and  Mina8,ttt  ^^^ 

*  BeitrAge  tar  QebirgQkunde  Bnuiiliens,  p.  31. 

t  Trans.  Geo).  Soc.,  2d  ser,  vol.  t1,  1842,  p.  427. 

tReise  nach  BraBilien.  H.  Barmelater.  Pp.  184, 185,  212,  213.  Agasais:  Journey  in  Brufl,  pp. 
101,486,488,491,493.  Relse  in  Brasilien.  Spix  u.  MartiuM,  MQncben,  1825,  i,  p.  166.  TrareU  m 
Brazil,  i,  p.  24». 

I A  photograph  of  one  of  these  blocks  is  reproduced  in  Dent's  "A  Year  in  Braill/*  p.  424. 

I  Keller-Louzinger's  Amazon  and  Madeira  RiTers,  p.  48;  Burton's  Highlands  of  Brazil,  rol.  i,  P-^ 
f  ExcursOes  geographlcas.    Revist.  de  Inst  Hist,  do  Brazil,  11,  pt.  2,  pp.  167, 178 ;  zxlz,  pt.  i,  PP- 

413-418. 
**See  also  Holmreichen*s  Oeognostische  Vorkommen  der  Diamanten,  pp.  5, 7, 12, 16. 
ft  Gardner's  Travels  in  Brazil,  p.  521. 
XX  BeitrAge  zur  Gebirgskunde  Brasiliens.    W.  L.  von  Eschwege.    Berlin,  183S,  p.  186. 

II  Beitr&ge  zur  Gebirgskunde  Brasiliens.    Job.  Em.  Pohl.    Wien,  1832,  p.  26. 

H  Expedition  dans  les  parties  centrales  de  I'Am^rlque  du  Sud.    Francis  de  Castalnan.    Ptri0i 
1850,  i,  pp.  376,  378,  311. 
Iff  Op.  cit.,  li,  pp.  84-86. 

•♦•Geology  and  Physical  Geography  of  Brazil,  p.  70. 
ttt  Travels  in  Brazil.    Prince  Maximilian.    London,  1890,  pp.  302, 304, 306. 
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on  the  Serra  do  Mundo  Novo,  near  Rio  Pardo,  about  100  miles  west- 
southwest  of  Ilheos,  Bahia.* 

Between  Rio  do  Peixe  and  Joazeiro,  in  Bahia,  the  ridges  and  flanks  of 
the  Serra  do  Rio  do  Peixe  are  strewn  with  ^'  gigantic  isolated  boulders 
of  gneiss  of  peculiar  forms,  "t  Morro  do  Lopes,  between  Bahia  and 
Joazeiro,  is  capped  by  gigantic  rounded  boulders.| 

At  Boqueir&o,  on  Rio  Grande,  in  the  western  part  of  Bahia,  there  are 
many  huge  gneiss  boulders  of  decomposition.g 

In  the  interior  of  Sergipe  and  of  Alagdas  boulders  of  decomposition 
are  formed  from  the  Paleozoic  (?)  mountain  ranges  of  Itabaiana  and 
Maraba  inland  as  far  as  the  gneiss  extends.  From  P£U)  d'Assucar,  on 
the  Rio  S&o  Francisco,  to  Aguas  Bellas,  in  the  interior  of  Pernambuco, 
gneiss  is  the  prevailing  rock,  and  the  boulders  of  decomposition  are 
abundant  and  vary  in  diameter  from  a  few  inches  to  15  feet  and 
more.ll 

In  J'emambuco  there  are  many  examples  along  Rio  Formozo,  north- 
west of  the  Tertiary  sediments.  They  are  abundant  near  the  coast  wher- 
ever the  sedimentary  beds  have  been  removed  from  the  underlying 
granites.  In  the  mountain  r^ons  north  and  west  of  Palmares  they  are 
abundant  and  very  large.  In  the  state  of  Parahyba  do  Norte  I  did  not 
reach  the  gneiss  belt,  but  the  description  of  the  rocks  by  Williamson 
leads  one  to  believe  that  the  geology  of  that  state  is  in  nowise  different 
from  that  of  Pernambuco.^ 

The  '*  rocks  of  remarkable  forms  "  seen  by  Koster  near  A9U,  in  Rio 
Orande  do  Norte  I  take  to  be  boulders  of  decomposition.** 

There  are  gneiss  boulders  near  the  base  of  the  Serra  dos  Cariris  In  the 
southwestern  part  of  Ceard  and  along  the  Serra  Vermelha,  in  the  eastern 
part  of  Piauhy.ft 

The  only  observations  I  have  been  able  to  make  upon  the  subject  in 
the  valley  of  the  Amazon  were  made  at  and  above  the  falls  of  the  Ara- 
guary,  northeast  of  Macapd.  At  that  place  the  granites  have  broken  up 
into  boulders,  all  of  which  are  rounded  by  exfoliation.  They  occur  at 
Pedreira  near  the  junction  of  the  Rio  Negro  and  Rio  Branco.Jt  A  little 
below  Moura  the  islands  and  boulders  in  the  Rio  Negro  are  all  rounded.§§ 

*Vo7ftge  an  Brftsil.    PrlDce  MftximiUan  de  Wled-Neuwied.    Paris,  1822,  lit,  pp.  61,  63. 
tSpiz  a.  Martiua:  Reise  In  Bnisilien,  ii,  p.  722. 

tTheodoro  Fernandes  Sampaio:  ReTista  de  Engenharia,  vl,  1884,  p.  63. 
i  Three  Tboaeand  Miles  through  BrasiU    J.  W.  Wells.    London,  1886,  vol.  11,  p.  68. 
I  American  Natural isfc.  Dec,  1884,  p.  1189. 

T  Geology  of  Parahiba  and  Pernambaco  gold  regions.    B.  Williamson.    Trans.  Manchester  Oeol. 
8oc,Tol.Ti,  pp.  118-121. 
**TrayeIfl  in  Brasil.    Henry  Koster.    London,  1817,  toI.  i,  p.  141. 
ft  Travels  In  Brasil.    Qeorge  Gardner.    Pp.  232,  237,  238. 
IX  Joamey  in  Brasil,  p.  418. 
HSpiz  a.  Martios:  Reise  in  Brasilien,  iii,  p.  1294. 
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There  is  "  a  confusion  of  rounded  blocks  "  of  diorite  produced  by  con- 
centric decomposition  at  Praia  Grande  on  the  lower  Tocantins.* 

At  Erer6  boulders  of  diorite  are  abundant.f  These  were  mistaken  by 
Agassiz  for  glacial  boulders.^  The  sandstone  blocks  at  the  Serra  de 
£rer6  are  also  rounded  by  decomposition.  One  great  block,  50  feet  high, 
caps  the  summit  of  the  mountain  on  the  north  side.§ 

FLUTINO. 

Fluting  is  a  peculiar  method  of  surface  decay  by  which  granites  or 
gneisses  are  left  with  a  corrugated  or  fluted  surface.  I  have  seen  several 
examples  of  this  kind  of  weathering,  but  the  only  ones  of  which  I  have 
notes  are  in  the  state  of  Pernambuco.  One  of  these  is  in  the  southwest- 
ern part  of  the  state,  on  Engenho  Trapiche,  between  the  mouth  of  Rio 
Formozo  and  the  village  of  Serenhaem.  This  is  a  large  subangular 
fragment  of  granite.  One  side  contains  a  dozen  of  these  little  channels, 
from  1  to  4  inches  deep  and  from  3  to  10  inches  apart  from  center  to 
center.    These  channels  run  straight  down  the  face  of  the  rock. 

The  other  example  is  on  the  public  road  leading  from  the  railway 
station  at  Palmares  to  Bonito,  state  of  Pernambuco.  The  granite  block 
in  which  it  is  best  shown  is  about  40  feet  high.  This  block  is  fluted  in 
the  same  way  as  that  near  Serenhaem,  but  the  grooves  are  somewhat  wider. 
In  both  cases  the  fluted  boulders  are  openly  exposed  to  the  sun.|| 

There  is  another  form  of  disintegration  somewhat  resembling  flutincr, 
yet  decidedly  different  from  it.  In  this  case  the  massive  rocks  are  cut 
by  straight-sided  channels  or  ravines  varying  in  depth  from  a  few  inches 
to  more  than  100  feet.  These  grooves  run  straight  down  the  mountain 
faces.    Good  examples  of  them  are  shown  in  figure  5,  page  275. 

Agencies  of  Decomposition.^ 
The  agencies  which  produce  the  widespread  rock  decomposition  in 

*A  contribation  to  the  geology  of  the  Lover  Amaaonas.  O.  A.  Derby.  Proc.  Amer.  Phil.  Soc, 
Tol.  xviii,  1S79.  p.  164. 

fAmazonian  drift.    Ch.  Fred.  Hartt.    Amer.  Joar.  Sci.,  3d  ser.,  vol.  i,  1871,  pp.  294-908. 

X  Tertiary  basin  of  the  Marafion.    Ch.  Fred.  Hartt.    Amer.  Jour.  Sci.,  Sd  ser.,  yoI.  iv,  1872,  p. ». 

{Contributions  to  the  geology  and  physical  geography  of  the  Lower  Amaaonas.  Ch.  Fre<i- 
Hartt    Bui.  Buffalo  Soc.  Nat.  Hist.,  1874,  p.  216. 

I  Professor  Derby  has  told  me  in  private  conTersation  of  having  seen  boulders  similar  to  tbe«« 
at  and  about  the  Serra  de  Itatiaia. 

f  I  have  not  undertaken  to  discuss  the  suggestion  of  Mr  Darwin  that  the  decomposition  of  the 
roclcs  in  Brazil  occurred  under  the  sea.  (Geological  Observations.  2d  ed ,  London,  1876,  p.  4»> 
The  agencies  evidently  in  operation  are  competent  to  account  for  the  work  done.  Betides,  i(  i* 
notclear  tomy  mind  by  what  process  such  extensive  decay  could  take  place  beneath  these*. 
The  zeolites  and  other  minerals  dredged  up  f^om  the  ocean  are  supposed  to  indicate  such  action 
by  sea  water,  but  I  know  of  no  reason  why  such  minerals  might  not  be  dissolved  firom  organic  re- 
mains as  they  sink  to  the  bottom. 
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Brazil  are  of  two  general  classes,  namely,  mechanical  and  chemical. 
These  will  be  taken  up  in  their  order. 

MECHANICAL  AOSNCIES. 

General  discussion, — The  chief  mechanical  agencies  are — 

1.  Changes  of  temperature ; 

2.  The  penetration  of  the  soil  by  plant  roots ; 

3.  The  burrowing  of  animals. 

It  has  already  been  shown  that  over  a  large  part  of  Brazil  rock  decay 
has  gone  so  far,  especially  in  the  parts  of  the  country  covered  by  a  strong 
vegetation,  that  the  hard  rocks  are  not  now  within  reach  of  the  roots  of 
plants,  and  where  they  are  thus  accessible  the  action  of  the  roots  is,  so 
far  as  I  know,  similar  to  that  of  plants  in  other  countries.  In  any  case, 
the  second  and  third  of  these  are  simply  contributory  in  their  operation 
and  will  be  considered  under  the  head  of  chemical  agencies. 

A  fourth  mechanical  agency  is  that  of  water,  as  waves  or  running 
streams ;  but  while  the  waves  along  the  coast  and  the  running  streams 
do  much  mechanical  geologic  work  they  contribute  comparatively  little 
to  the  mechanical  destruction  of  the  rocks  in  general. 

The  immediate  mechanical  effects  of  changes  of  temperature  upon  a 
rock  are  to  produce  expansion  and  contraction.  I  observe,  also,  tliat  the 
mica  in  the  Brazilian  gneisses  (and  the  same  is  true  when  any  other  min- 
eral constituent  forms  bands)  is  an  element  of  weakness,  tending  both  on 
account  of  its  low  conductivity  and  its  form  to  develop  crevices  along 
which  the  rocks  exfoliate  more  readily.* 

Before  entering  upon  the  discussion  of  the  action  of  change  of  tempera- 
ture I  would  call  attention  to  the  following  facts :  The  unequal  contraction 
and  expansion  of  the  minerals  composing  the  rock  tend  to  disintegrate 
the  entire  mass,  while  the  even  annual  and  diurnal  changes  and  the  ap- 
proximately even  penetration  of  these  changes  cause  the  rocks  to  exfoliate 
or  to  spall  ofif  in  layers  of  even  thickness,  like  the  coats  of  an  onion,  while 
the  crevices  opened  in  the  rocks  admit  acids  and  gases  and  set  up  a  train 
of  reactions  that  sooner  or  later  disintegrate  and  decompose  the  entire 
rock  mass. 

I  have  frequently  observed  that  the  decay  of  rock  masses  begins  along 
joints  or  cracks,  from  which  it  spreads  in  every  direction.  The  cause  of 
these  joints  must  therefore  be  of  vital  importance  to  the  rock. 

The  exfoliation  of  mountain  masses  and  of  boulders  such  as  are  here 
described  takes  place  and  can  take  place  only  when  the  rocks  are  massive 
and  more  or  less  homogeneous.     Bedding  planes  and  joints  are  lines  of 

*U  is  osaally  supposed  by  those  who  hare  but  little  or  no  acquaintance  with  it  thnt  gneiss  does 
not  make  good  building  stone  on  account  of  its  banded  structure.  This  is  a  mistake.  The  cities 
of  Rio  de  Janeiro  and  Bahia  are  almost  entirely  built  of  gneiss,  and  a  finer  building  stone,  so  far  as 
durability  Is  concerned,  it  would  be  impossible  to  find. 
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weakness  along  which  the  agents  of  disintegration  and  decomposition 
penetrate.  If  the  massive  rock  be  jointed,  boulders  of  decomposition 
may  still  be  formed,  but  the  proximity  of  the  joints  determine  the  siies 
of  the  boulders  produced  by  exfoliation. 

The  process  of  mechanical  breaking  up  of  rocks  in  Brazil  is  different 
from  that  in  operation  in  cold  climates. 

In  Brazil  frost,  of  course,  has  no  part  in  the  disintegration  of  the  rocks. 
It  is  generally  supposed  that  the  action  of  frost  greatly  facilitates  rock 
disintegration.  While  this  cannot  be  questioned  with  regard  to  steep- 
faced  declivities  and  hills  with  high  slopes  and  with  regard  to  the  break- 
ing up  of  the  upper  three  or  four  feet  of  the  ground,  the  action  of  frost 
through  our  long  northern  winters  is  protective  rather  than  otherwise, 
preventing  the  penetration  of  water  and  of  the  dissolving  agents  it  usually 
carries.  Snow  is  especially  protective  on  account  of  its  preventing  radi- 
ation, or,  as  Rozet  says,  it  "  acts  as  a  screen  between  the  soil  and  space."* 
Frost,  moreover,  is  active  only  where  there  is  freezing  and  thawing,  not 
where  there  is  one  freeze  in  the  year,  as  there  is  in  high  latitudes.  On 
the  other  hand,  the  change  of  temperature  in  the  tropics  is,  in  the  main, 
a  diurnal  variation,  while  in  the  temperate  regions  the  marked  change  is 
an  annual  one.  The  diurnal  changes  of  the  tropics  necessarily  take  place 
within  narrow  limits,  while  the  annual  changes  in  the  temperate  zones 
are  between  extremes  that  are  wide  apart. 

The  tendency  of  the  tropical  temperature  changes  is  to  affect  the  rocks 
to  shallow  depths  and  very  rapidly,  while  the  slow  annual  changes  affect 
them  more  profoundly  but  much  less  rapidly ;  but  in  the  tropics  the  sun 
at  noon  never  sinks  low  on  the  horizon  and  the  range  of  temperature  is 
necessarily  smaller  than  that  of  the  temperate  regions. 

The  total  annual  range  of  temperature  for  rocks  in  the  northern  part 
of  the  United  States  is  from  150  to  170  degrees  Fahrenheit,  while  the 
daily  range  in  Brazil  is  only  about  100  degrees.  This  comparatively 
small  range  of  temperature  in  Brazil  at  first  glance  suggests  inefficiency, 
but  the  rapid  radiation  and  humidity  of  that  climate  are  important 
elements  in  its  effectiveness. 

Changes  of  temperature  attack  the  rocks  in  two  ways :  first,  by  the  dis- 
integration of  the  mass ;  and,  second,  by  causing  exfoliation. 

Temperature  and  disintegration, — Theoretically,  incipient  disintegration, 
in  so  far  as  it  is  caused  by  changes  of  temperature  alone,  penetrates  as 
far  as  do  these  changes.  So  long  as  the  rock  is  homogeneous  disinte- 
gration caused  in  this  way  must  penetrate  the  rocks  in  parallel  planes 
corresponding  to  isothermal  planes.  These  isothermal  planes  are  only 
rudely  parallel  to  the  rock  surfaces,  both  in  the  case  of  large  mountain 

*Compte8  BeDdus,  40, 1855,  p.  299. 
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masses  or  of  boulders/ either  large  or  small.  Extreme  changes  of  tem- 
perature take  place  only  at  the  surface,  and  disintegration  due  to  them 
must  be  most  rapid  there ;  but,  however  slight  the  changes  may  be,  they 
cannot  go  on  among  the  heterogeneous  materials  composing  the  rock  with- 
out causing  them  to  slip  back  and  forth  against  each  other,  thus  pro- 
ducing a  mechanical  loosening  and  disintegration  of  the  entire  mass. 

The  component  minerals  of  a  crystalline  rock  contract  and  expand  at 
different  rates  at  different  temperatures.  Even  in  a  single  crystal  the 
contraction  and  expansion  vary  with  its  different  axes,  while  the  irregu- 
lar arrangement  of  these  crystals  in  the  rock  tends  to  loosen  up  the 
whole  mass. 

In  order  to  comprehend  the  effect  of  varying  temperature  upon  rocks 
it  is  necessary  to  know  of  what  minerals  the  rock  is  made  and  the  coef- 
ficients of  expansion  of  these  minerals  on  their  different  axes  within  the 
range  of  temperatures  to  which  the  rock  is  subject. 

The  gneisses  about  Rio  vary  a  good  deal  locally  in  their  composition. 
In  some  places  they  are  porphyritic,  in  others  they  are  very  fine  grained ; 
in  some  places  one  of  the  constituent  minerals  is  in  excess ;  in  other 
places,  others.  Here  they  are  more  like  granites,  and  there  they  are 
clearly  banded  in  structure.  It  follows,  therefore,  that  changing  tem- 
peratures must  affect  these  rocks  differently  according  to  their  make-up. 
Examination  of  specimens  of  gneiss  from  the  great  quarries  of  the 
Pedreira  da  Gloria,  at  the  foot  of  the  Morro  de  Santa  Thereza,  near  Rua 
da  Princeza  Imperial,  show  that  it  is  composed  of  the  minerals  men- 
tioned in  the  list  below.*    These  minerals  have  different  coefi^cients  of 

*  Description  of  Ooeisft  from  the  Pedreira  da  Gloria,  Rio  de  Janeiro,  Brazil.  Collected  by  J.  C. 
Branoer. 

The  gneiss  is  an  excellently  banded  rock,  and  cleaves  across  (he  laminations  almont  like  slate. 
The  banding  is  dae  to  the  alternation  of  quartzose  layers  with  others  more  feld^pathic.  It  is 
readily  seen  microscopically,  and  the  slides  bear  out  the  inference  that  the  dark  colored  silicates 
are  comparatlTely  rare.    Small  red  garnets  are  visible,  but  only  of  rounded  form. 

A  slide  of  a  qaartsose  streak  discloses  quarts,  orthoclase  and  plagioclase  in  this  order  of  abun- 
dance and  a  few  flecks  of  brown  biotite.  The  indiyiduals  are  irregularly  packed  together ;  all  are 
allotriomorphic,  and  exhibit  on  their  edges  between  crossed  nicols  the  evidences  of  having  been 
tabjected  to  dynamic  strains.  The  feldspars  show  undulatory  extinction,  and  the  quartzes  rims 
of  the  color  of  their  edges.  CataclaHtic  structure  or  fractured  edges  are  also  to  be  seen  finely  de- 
Teloped.  The  quarts  is  abundantly  supplied  with  inclusions,  both  liquid  and  gaseous,  and  an 
occasional  mtile  needle  is  seen.  The  orthoclase  is  quite  clear  and  tranHparent,  and  microcline  is 
also  present.  The  plagioclase  is  subordinate.  Biotite  appears  as  a  few  small  irregular  flakes. 
Little  masses  of  apatite  were  noted.  But  the  most  interesting  of  all  is  the  presence  of  silllmanite. 
This  forms  small  prismatic  crystals,  which  are  sometimes  grouped  in  aggregates  of  two  or  three, 
at  other  times  appear  singly.  They  are  about  0.2  of  a  millimeter  broad  and  0.A  of  a  millimeter  or 
le««  long.  The  customary  parting  across  the  e-axis  is  strongly  developed,  but  the  regular  cleav- 
ages are  not  shown.  The  crystals  are  strongly  doubly  refracting,  and  polarize  in  brilliant  colors. 
The  crystals  were  isolated  by  means  of  hydrofluoric  acid,  and  the  absence  of  lime  proved,  which 
barred  ont  zoisite.  Their  strong  double  refraction  distinguishes  them  from  andalusite.  They  were 
only  seen  in  the  slides  firom  one  specimen,  where  they  occur  in  a  quartzose  layer.  It  showed  no 
tendency  to  form  the  fibrous  aggregates  with  quartz  known  as  fibrolite  and  bucholzite.    Sillimanite 

has  been  noted  in  North  America  by  J.  D.  Dana  in  the  gneiss  of  Manhattan  Island  (Amer.  Jour.  Sci., 
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expansion,  and  even  the  same  mineral  expands  differently  along  its  dif- 
ferent axes  (excepting.in  the  isometric  system,  to  which  none  of  these 
minerals  belong.)  t  ^^  the  case  of  quartz,  for  example,  it  is  known  that 
the  angles  of  its  &,ces  change  at  different  temperatures.  All  this  causes 
a  slipping  back  and  forth  of  the  minerals  upon  each  other  and  the  open- 
ing of  minute  fractures  that  mark  the  beginning  of  decay. 

The  mineral  constituents  of  the  gneiss  from  Rio  de  Janeiro  are  quartz, 
orthoclase,  plagioclase,  biotite  (little),  microcline,  apatite  (very  little), 
sillimanite,  and  rutile  needles  (very  few). 

The  breaking  up  of  the  rock  is  also  aided  to  a  certain  extent  by  the 
expansion  of  minerals  upon  decomposition  and  hydration.  Of  the  min- 
erals in  the  list  it  has  been  shown  that  biotite  becomes  enlarged  upon 
hydration ;  J  for  the  other  minerals  it  has  not  yet  been  demonstrated,  so 
far  as  I  have  been  able  to  learn. 

Comte  de  la  Hure  has  stated  that  the  Brazilian  diorites  increase  their 
volume  by  at  least  one  tenth,  and  he  has  expressed  the  opinion  that  the 
hills  of  Brazil  have  increased  their  height  by  such  hydration.g  Merrill 
has  also  expressed  the  opinion  ||  that  hydration  causes  granite  to  expand. 
In  neither  instance,  however,  can  it  be  said  that  the  case  is  demonstrated. 

Range  of  temperature, — Lying  mostly  within  the  tropics,  the  climate  of 
Brazil  is  necessarily  a  hot  one.  The  temperature  seldom  falls  below  the 
freezing  point  even  in  the  high  valleys  of  the  Minas  watershed.  The 
high  angle  of  the  noon  sun,  it  being  almost  directly  overhead  the  year 
round,  affects  the  rocks  directly. 

It  is  to  be  regretted  that  so  few  systematic  meteorologic  observations 
have  been  made  in  Brazil ;  but  even  among  the  few  recorded  there  are 
fewer  still  upon  temperatures  in  the  direct  rays  of  the  sun,  and  it  is  with 
these  temperatures  we  have  to  deal — the  maximum  and  minimum  to 
which  rocks  are  subjected.  I  am  of  the  opinion  that  while  many  changes 
of  temperature  will  do  more  than  a  few,  the  chief  work  is  accomplished 
by  any  change  or  by  any  number  of  changes  capable  of  opening  cracks 
in  the  rock.    We  find  the  rocks  decomposing  always  along  joints  or  frac- 

*  3d  ser.,  vol.  xxi,  p.  428),  by  Hawes  in  the  mica-schist  of  mount  Washington  (New  Hampshire 
SnrT.,  vol.  iii,  pt.  3,  p.  216),  and  by  G.  II.  Williams  as  a  contact  mineral  in  the  Cortland  series  (Amer. 
Jour.  Sci.,  3d  ser.,  rol.  xxxvl,  p. 25 1),  in  which  relations  it  is  also  known  abroad.  It  Is  also  recorded 
by  Zirkel  from  the  Humboldt  range,  Nevada,  in  mica-schist  (40th  Parallel  Survey,  vol.  vi,  p.  16). 
Kalkowsky  mentions  it  in  the  Saxon  granulites,  in  which  occurrence  and  in  the  Manhattan  island 
locality  it  probably  more  nearly  resembles  the  specimens  in  hand  than  in  the  others  mentioned. 

1  am  indebted  to  Professor  J.  F.  Kemp,  of  Columbia  College,  New  Tork,  for  the  above.  There  i^ 
also  a  general  description  of  Rio  gneiss  by  T.  Sterry  Hunt  in  Hartt's  Geology  and  Physical  Geog* 
raphy  of  Brazil,  page  650. 

fThe  coefficients  of  expansion  for  these  minerals  do  not  appear  to  have  been  determined. 
tQuar.  Jour.  Geol.  Soc,  Feb.  20.  1889;  Geo!.  Mag.,  April,  1889,  vol.  vi,  p.  187. 

2  Revist  do  Inst.  Hist,  do  Brazil,  1866,  xxix,  pt.  2,  pp.  422-429. 
I  Bui.  Geol.  Soc.  Am.,  vol.  6,  p.  332. 
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tures,  even  though  these  fractures  be  too  small  to  be  detected  by  the 
naked  eye.  Such  cracks  are  therefore  the  lines  of  least  resistance  along 
which  decay  takes  place,  and  once  they  are  opened  the  work  of  destruc- 
tion is  begun  and  will  never  cease  until  the  rock  is  completely  decom- 
posed. It  is  for  this  reason  that  I  lay  no  special  stress  upon  the  frequency 
of  changes.  Such  changes  would,  however,  be  of  the  utmost  importance 
if  they  sank  below  and  rose  above  the  freezing  point.  This,  however, 
does  not  occur  in  Brazil. 

Temperatures  in  the  sun's  rays  cannot  be  adduced  from  temperatures 
in  the  shade,  and  observations  made  in  the  sun's  rays,  even  at  the  same 
time  and  place,  vary  greatly  according  to  the  instruments  used  and 
the  methods  of  exposure.  Without  direct  observations  we  can  therefore 
get  only  an  approximate  idea  of  the  changes  of  temperature  suffered  by 
the  openly  exposed  rocks.  The  total  absence  of  such  direct  observations 
is  the  only  excuse  for  the  approximations  given  below. 

In  1876,  in  the  dry  interior  of  Pernambuco  near  Aguas  Bellas,  I  made 
some  observations  to  ascertain  the  difference  between  the  temperature 
in  the  sun  and  in  the  shade.  The  weather  was  sultry,  and  at  the  hottest 
part  of  the  day — between  2  and  2.30  p.  m. — the  thermometer  in  the  sun, 
and  covered  with  one  thickness  of  black  woolen  cloth,  registered  respect- 
ively 40,  48,  and  50  degrees  higher  in  the  sun  than  in  the  shade  on  the 
three  days  on  which  the  observations  *  were  made. 

If  we  assume  from  this  suggestion  that  the  temperature  in  the  sun 
during  the  hottest  part  of  the  day  is  50  degrees,  Fahrenheit,  higher  than 
it  is  in  the  shade,  we  may  use  the  shade  readings  to  determine  the  max- 
imum sun  reading  as  given  for  some  of  the  stations  mentioned  in  the 
table  on  page  286. 

These  observations  are,  to  be  sure,  very  desultory  and  incomplete  at 
beat,  but  they  are  the  only  ones  now  available.  I  cannot  refrain  from 
expressing  doubt  about  the  total  range  of  temperature  suggested  by 
these  figures.  My  own  observations  were  made  during  the  cooler  part 
of  the  year  in  all  cases.  Although  impressions  are  not  to  be  trusted  for 
such  purposes,  I  am  confident  that  properly  conducted  records  will  show 
that  exposed  rocks  are  subjected,  except  along  the  coast,  to  a  change  of 
temperature  of  considerably  more  than  100  degrees,  Fahrenheit. 

We  are  obliged,  however,  to  confine  ourselves,  for  the  present,  to  the 
data  afforded  by  this  table. 

Temperature  and  es^oliaiion. — The  application  of  the  laws  of  expansion 
and  contraction  of  rock  masses  to  the  Brazilian  gneisses  would  be  simple 
enough  if  we  had  to  deal  with  uniform  temperatures  ;  but  the  tempera- 

*The  thermometer  used  for  these  obseryatione  was  an  ordinary  eight-Inch  Instrument  mounted 
on  a  black  tin  fhiroe  with  a  metal  back.  I  have  no  doubt  it  required  correction,  but  it  was  bor- 
rowed for  the  occasion,  and  the  errors  could  not  be  determined  and  corrected. 
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Total  Range  of  Temperature  (Fahrenheit)  for  exposed  Rocks. 
{*  indicates  maximum  reading  in  rays  of  the  sun  from  direct  observations.) 


Place. 


Manaus,  Amazonas 

Pard 

Oeiras,  Piauhy 

Ceard* 

Pernambuco 

Bonito,  Pernambuco  * 

Aguas  Bellas  * 

Piranhas,  Alag6as 

Bahia 

Rio  de  Janeiro  * 

Rio  de  Janeiro 

Rio  de  Janeiro 

Rio  de  Janeiro  * 

Rio  de  Janeiro  * 

Barbacena* 

Queluz,  Minas 

Pirap6ra,  Minas 

Sfto  Paulo 

Sao  Paulo 

Itii,  S.Paulo 

Tatuhy,  S.  Paulo 

Campos  do  Jordflo,  S.  Paulo. 

Curitiba  (20  ks.  E.  of)  * 

Parand 

Rio  Grande  do  Sul    

Tombador,  Matto  Grossb*. . 
Upper  Paraguay 


Maxi- 

Mini- 

Varia- 

mum. 

mum. 

tion. 

153 

71 

72 

145  (?) 

70 

75 

149 

115 

66 

49 

134 

75 

59 

146 

64 

82 

145 

62 

83 

150 

72 

78 

145 

61 

84 

117 

70 

47 

117 

46 

71 

117 

65 

52 

152 

70(?) 

82(?) 

120 

56 

54 

139 

36 

103 

136 

46 

90 

148 

45 

103 

141 

47 

94 

129 

47(?) 

82(?) 

139 

52 

87 

146 

47 

94 

127 

50 

77 

145 

150 

24 

1^6 

135 

62 

73 

144 

68 

76 

152 

45 

107 

Authority. 


Re  vista  de  Engenharia  (1). 

Wallace  (2). 

Spix  and  Martius  (3). 

Pompeo  de  Souza  (4). 

A.  B.  Pereira  (5). 

Branner. 

Branner. 

Roberts  (6). 

Draenert  (7). 

Wilkes  Expl.  Exped.  (8). 

Obs.  Astron.,  Oct.,  1883  (9). 

Spix  and  Martius  (10)< 

C«panema  (11). 

Caldcleugh  (12). 

Dent  (13). 

D.  Pedro  II  R'y  (14). 

Wells  (15). 

CJom.  Geol.  de  8.  Paulo  (16). 

Com.  Geol.  de  S.  Paulo  (17). 
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Com.  Geol.  de  S.  Paulo  (16). 

Revist  do  Obeer.  Ast  do  Rio^ 

1886,  76. 
Luther  Wagoner  (21). 
Big^- Wither  (annual)  (18). 
Re  vista  Engenharia  (19). 
Branner. 
Severiano  da  Fonseca  (20). 


*  Melloni  has  shown  that  radiation  reduces  the  temperature  of  some  bodies  8  degrees  centi- 
grade below  the  temperature  of  the  air  (Amer.  Jour.  Sci.,  1840,  vol.  viii,  p.  47),  and  that  at  the  ground 
the  temperature  is  6  or  6  degrees  centigrade  lower  than  it  is  4  or  5  feet  above  it  (Compt.  Rend ,  vol. 
XXV,  1847,  pp.501, 602).  It  is  probable,  therefore,  that  this  range  of  temperature  should  be  increased 
somewhat. 

1.  Revista  de  Engenharia,  v,  1883,  p.  334. 

2.  Travels  on  the  Amazon  and  Rio  Negro.    Alfred  R.  Wallace.    London,  1870,  p.  429. 

3.  Reise  in  Brasilien,  vol.  ii,  p.  782. 

4.  Ensaio  Estatistico  da  Provincia  do  GearA.    Thomas  Pompeo  de  Souza  Brazil.    1863,  p.  60. 

6.  Observa^Oes  meteorologicas.    Antonio  Bernardino  Pereira  do  Lago.    Revist.  Inst.  Hist,  1883, 
xlvi,  pt.  i,  pp.  61-101. 

6.  Relatorio  de  W.  Bi.  Roberts  sobre  o  Rio  S.  Francisco.    Rio  de  Janeiro,  1880,  N.,  p.  7. 

7.  Meteorologia  da  parte  septentrional  da  Bahia  de  Todos  os  Santos.    M.  F.  Draenert.    Revista 

de  Engenharia,  1882,  iv,  p.  28. 

8.  U.  S.  Exploring  Exped.,  vol.  xi.  Meteorology.    Charles  Wilkes.    Philadelphia,  1851,  p.  72. 

9.  Annaes  do  Imp.  Obser.  do  R.  de  J.  and  Bui.  Astr.  et  Met.  de  TObserv.  Imp.  de  R.  de  J.  for  1881- 

*83.    The  temperatures  are  "sans  abri,'*  but  just  what  is  meant  is  not  explained. 

10.  Travels  in  Brazil  (Eng.  ed.),  vol.  i,  pp.  264,  272. 

11.  Apontamentos  sobre  Seccas  do  Cear&.    G.  8.  de  Capanema.    Rio  de  Janeiro,  1878,  p.  IS. 

12.  Travels  in  South  America.    Alex.  Caldcleugh.    London,  1825,  vol.  i,  p.  17. 

13.  A  Year  in  Brazil.    H.  C.  Dent.    London,  1886,  p.  322,  et  seq. 

14.  Revista  de  Engenharia,  1882,  iv,  p.  125. 

15.  Three  thousand  miles  through  Brazil.    London,  1886,  vol.  ii,  pp.  317,  319. 

16.  Dados  climatologicos  de  1892  da  Commiss&o  Geologica  de  8.  Paulo,  pp.  34,  37,  38,  41. 

17.  Professor  O.  A.  Derby,  private  correspondence. 

18.  Pioneering  in  South  Brazil.    Thos.  P.  Bigg-Wither.    London,  1878,  vol.  ii,  p.  307. 

19.  Revista  de  Engenharia,  1882,  iv,  p.  100. 

20.  Viagem  ao  redor  do  Brazil.    Jofto  Severiano  da  Fonseca,  i,  p.  204. 

21.  Private  correspondence ;  observation  January  27, 1876. 
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tures  are  not  uniform,  either  in  area,  depth  or  time,  and  whatever  the 
surface  temperature  may  be,  we  know  nothing  from  direct  observation  of 
their  penetration  or  variation  in  the  particular  rocks  under  discussion. 
The  observations  of  Forbes*  at  Edinburgh,  of  Queteletf  at  Brussels, 
of  Bequerel  J  at  Paris  and  of  Malaguti  and  Duroche  §  show  that  the  high 
and  low  temperatures  do  not  penetrate  the  rocks  far.  ||  At  a  depth  of 
three  feet  the  total  variation  according  to  Forbes  is  15  degrees,  at  6  feet 
it  is  10  degrees,  at  12  feet  it  is  5  degrees  and  at  24  feet  it  is  H  degrees. 

Curves  platted  from  the  data  furnished  by  Forbes  and  Quetelet  show 
that  the  annual  changes  are  clearly  perceptible  only  to  a  depth  of  about 
40  feet.^  The  temperatures  we  have  to  deal  with  in  the  temperate  re- 
gions, therefore,  are  surface  temperatures  almost  literally ;  but  the  depth 
to  which  a  given  temperature  penetrates  varies  with  the  square  root  of 
the  period  of  exposure,**  and  as  the  rocks  are  exposed  to  a  pretty  even 
annual  temperature,  and  as  the  periods  during  which  they  are  exposed 
to  the  high  diurnal  temperatures  are  but  short,  it  follows  that  in  Brazil 
the  ranges  of  10  and  15  degrees  lie  still  nearer  the  surface  than  they  do 
in  England. 

A  set  of  observations  was  made  in  lateritesft  at  Trevandrum,  India 
(north  latitude  S""  SO'  32",  east  longitude  5**  7"  SO*),  with  thermometers  at 
depths  of  3, 6  and  12  feet. 

Forbes  concludes  from  the  results  obtained  by  Caldecott "  that  the 
phenomena  of  the  propagation  of  heat  into  the  ground  near  the  equator 
resemble  those  of  temperate  latitudes,  though  modified  in  extent  and 
character.''  XX  It  should  not  be  overlooked,  however,  that  Caldecott's  ob- 
servations were  practically  on  soil  and  not  on  solid  rock. 

Some  important  observations  that  bear  on  this  subject  were  made  by 
Messrs  Newberry  and  Julien  near  Bronx ville.  New  York,  in  July,  1890, 
upon  a  boulder  of  granitoid  gneiss.  §§    The  character  of  the  rock  treated, 

*  Trans.  Roy.  Soc.  Edin.,  vol.  xvi,  1849,  pp.  189-236.  See  also  vol.  zzix,  pp.  637-656  ;  vol.  xzii,  pp. 
406-427;  Tol.  XZZT,  pt.  1, 1887-*88,  pp.  287-312. 

tComptes  Rendus,  fi,  1836,  367;  Amer.  Jour.  Sci.,  vol.  viil,  1849,  p.  44;  Annales  de  rObservatoire 
de  Brazelles,  iv,  1845. 

: Compter  RendUK,  Izvii,  1868,  pp.  1150, 1151 ;  Izzili,  1871,  p.  1136. 

^Comptes  Rendus,  3f>,  1851,  p.  785. 

I  Lectarea  on  some  Recent  Advances  In  Physical  Science.   P.  G.  Talt.   2d  ed.,  London,  1876,  p.  274. 

f  Examination  of  the  temperature  readings  suggest  that  there  is  a  layer  between  about  33  feet 
and  about  60  feet,  through  vrhlch  the  slight  changes  of  temperature  are  constantly  endeavoring  lo 
adjust  themselves. 

**  Theory  of  Heat.    J.  Clerk  Mazwell.    3d  ed.,  London,  1872,  p.  245. 

tt Observations  on  the  temperature  of  the  ground  at  Trevandrum,  in  India,  from  May,  1842,  to 
December,  1845.  John  Caldecott,  astronomer  to  the  Rajah  of  Travancore.  Trans.  Roy.  Soc.  Edin., 
vol.  xvi,  1849,  pp.  379-391. 

n  Remarks  on  the  preceding  observations.    J.  D.  Forbes.  Trans.  Roy.  Soc.  Edin.,  vol.  zvl,  p.  392. 

SStady  of  the  New  York  obelisk  as  a  decayed  boulder.  Alezis  A.  Julien.  Annals  New  York 
Acad.  Sci ,  vol.  vill,  1893,  pp.  93-166.    See  especially  page  155. 

XXXII^BcLL.  GeoL.  Soc.  An.,  Vol.  7,  1895. 
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the  temperature  and  the  time  approximate  the  conditions  in  Brazil  when 
the  rocks  are  largely  granitoid  gneiss  and  where  the  temperature  for  rocb 
openly  exposed  is  often  between  140  and  160  degrees  Fahrenheit  for  three 
or  four  hours  during  the  day.  *  Their  results  show  that  a  mean  tempera- 
ture of  152.2^,  Fahrenheit,  on  the  surface  of  the  rock  will  raise  the  tem- 
perature at  a  depth  of  20  inches  4.7^,  Fahrenheit,  in  3  hours  and  46  min- 
utes. Nothing  is  known  by  direct  observation  of  the  temperatures  of 
rocks  in  Brazil  at  any  depth  beneath  the  surface;  but  assuming  that  the 
changes  of  10  and  15  degrees  take  place  at  the  same  depth  as  they  do  in 
other  parts  of  the  world  where  observations  have  been  made,  let  us  cal- 
culate the  expansion  of  the  rock  which  must  be  caused  at  the  surface  and 
at  depths  of  3, 6, 9, 12  and  15  feet.  The  laws  of  the  expansion  of  certain 
rocks  are  known  for  ordinary  temperatures.  Gneiss  expands  one  part  in 
from  187,560  to  228,060  parts  for  every  degree  Fahrenheitf  If  we  Uke 
one  part  in  every  200,000  as  its  average  expansion  for  every  additional 
degree,  the  linear  expansion  for  a  surface  of  gneiss  300  feet  long  will  be 
as  follows : 

Linear  Expansion  for  SOOfeei  of  Gneiss, 


Depth  in  feet. 

Temperature. 

Expansion. 

Surface 

Fahrenh^, 

103*' 

15** 

7*^(7) 

5° 

4«(?) 

1.854 

3 

0.27 

6 

0.18 

9 

0,126 

12 

0.09 

15 

0.072 

It  must  be  confessed  that  these  figures  are  disappointing,  for  they  lead 
one  to  suspect,  if  they  do  not  show,  that  exfoliation  on  account  of  changes 
of  temperature  and  where  small  areas  are  exposed  is  not  so  active  an 
agency  in  Brazil  as  the  exfoliated  peaks  and  boulders  constantly  suggest 

It  is  no  uncommon  thing,  however,  for  surfaces  of  rock  a  thousand  feet 
in  length  to  be  exposed,  and  in  such  cases  there  must  be  great  strain  be- 
tween the  upper  and  lower  layers.  Crevices  are  also  opened  which  furnish 
access  to  the  rock  beneath  for  that  train  of  destructive  agencies  which 

*  Lord  Kelvin  and  Mr  Murray  have  shown  that  the  thermal  condactirity  of  rocks  Is  diminished 
by  increase  of  temperature  between  fiO  and  214  degrees  centigrade.  (On  the  Temperature  VariA* 
tion  of  the  Thermal  Conductivity  of  Rocks.  Lord  Kelvin  and  J.  R.  E.  Murray.  Proo.  RoySoc, 
vol.  Iviii,  no  349,  pp.  162-167.)  For  objections  to  these  results  see  Robert  Weber  in  Natore^Sepc 
12, 1895,  pp.  458,  459.  But  as  Dr  Julien's  data  are  taken  from  direct  observations,  we  need  notooo- 
cern  ourselves  in  the  present  case  with  variations  of  conductivity. 

fSee  also  "The  Origin  of  Mountain  Ranges.'*  T.  Mellard  Reade.  London,  1886,  pp.  119-111;  K, 
J.  Adie  in  Trans.  Roy.  Soc.  Edin.,  vol.  xiii,  p.  366.  Acoordlng  to  the  determinations  of  Lieutenant 
Bartlett  (Amer.  Jour.  Sci.,  vol.  xxii,  183i,  pp.  136-140),  an  expansion  or  contraction  of  one  inch  would 
take  place  in  every  167  feet  with  a  change  of  103  degrees  Fahrenheit. 
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eventually  destroy  the  entire  mass — plants  and  animals,  acidulated  waters 
and  gases. 

It  roust  be,  too,  that  the  slight  changes  of  temperature  which  penetrate 
to  a  depth  of  15  feet  are  more  potent  than  similar  changes  would  be  at 
the  surface,  for  the  rocks  are  there  confined  and  are  not  at  liberty  to  seek 
relief  in  several  directions ;  but  whether  these  changes  of  temperature 
seem  competent  to  produce  exfoliation  there  are  certain  cases  which  can- 
not, in  my  opinion,  be  explained  in  any  other  way. 

Where  large  flat  surfaces  of  gneiss  are  openly  exposed  to  the  sun's  rays 
great  flakes  or  shells  are  sometimes  bulged  and  lifted  away  from  the 
cooler  mass  below.  Where  roads  pass  over  such  places  they  give  forth 
a  hollow  sound  to  the  horses'  hoofs. 

In  the  stone  quarries  of  Rio  de  Janeiro  these  sheets  of  rocks  are  some- 
times 15  feet  thick  and  are  utilized  by  the  quarrymen  in  breaking  out 
blocks  of  convenient  sizes.*  These  sheets,  however,  are  more  commonly 
from  2  to  10  feet  thick,  and  they  are  often  as  thin  as  a  knife  blade. 

The  thicker  masses  on  peaks  and  mountain  sides  generally  seem  to 
come  to  a  feather  edge  on  the  down-hill  side  and  to  cover  the  upper  por- 
tion of  the  hill  like  a  close-fitting  cap.  The  breaking  off*  of  the  lower 
edge  of  these  flakes  gives  rise  to  a  rock  form  quite  common  in  the  gneiss 
region  along  the  coast.    It  is  shown  in  figure  1,  page  270. 

I  have  said  elsewhere  that  exfoliation  is  not  produced  by  changes  of 
temperature  alone,  and  the  idea  that  these  great  layers  may  have  been 
produced  by  other  agencies  has  not  been  overlooked.  But  the  other 
agencies  producing  exfoliation  are  chemical,  and  I  know  of  no  way  in 
which  water  can  get  into  many  of  these  cracks,  and  there  is  certainly  no 
evidence  of  decay  along  their  edges  where  they  are  freshly  exposed. 
Except  in  this  respect,  the  exfoliation  of  mountain  masses  takes  place 
in  precisely  the  same  way  as  that  of  boulders,  large  and  small. 

The  process  of  exfoliation  in  Brazil  is  not  essentially  different  from 
that  common  in  other  parts  of  the  world,  but  it  is  doubtless  hastened 
and  given  certain  characteristics  by  some  of  the  peculiarities  of  a  tropical 
climate.  One  of  the  finest  examples  of  this  exfoliation  is  to  be  seen  upon 
the  southeastern  face  of  the  Pfto  d'Assucar  (Su^ar  LoaQ  (figure  2,  page 
*^1),  the  majestic  peak  which  stands  at  the  entrance  of  the  harbor  of 
Rio  de  Janeiro.  The  last  disintegrating  layer  that  has  fallen  away  from 
this  peak  has  left  behind  and  clinging  to  its  sides  a  few  remnants  of  its 
original  thickness,  the  lower  surface  and  sides  being  broken  off  squarely. 
In  cases  of  exfoliation  of  large  ateep-faced  masses,  such  as  the  moun- 
tains about  Rio  de  Janeiro,  Theresopolis  and  Nova  Friburgo,  the  con- 

*OQeof  the  best  illastrations  of  this  kind  of  exfoliation  I  have  seen  is  given  in  the  Twelfth 
Annual  Report  of  the  State  MineraloRist  of  California,  1804,  p.  384.  The  exfoliated  sheet  of  granite 
vorked  in  the  Raymond  quarry  is  from  6  to  15  feet  thick. 
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centric  layers  come  away  in  large  masses,  which  break  up  in  sliding  down 
the  mountain  sides  and  exfoliate  at  the  base,  where  they  look  like  accu- 
mulations of  gigantic  boulders.  Where  a  single  fragment  remains  be- 
hind, as  in  the  case  of  the  southwest  side  of  the  Sugar  Loaf  mentioned, 
held  in  place  by  its  upper  extremity,  and  being  left  free  to  expand  on 
these  sides,  it  may  remain  thus  suspended  a  long  time,  less  liable  to  be 
broken  off  than  if  it  were  surrounded  by  other  portions  of  the  same 
layer,  which  might  serve  as  levers  to  break  it. 

It  often  happens  that  the  concentric  mass  covering  a  hill  of  gneiss  or 
granite  has  its  lower  portions  broken  away,  leaving  suspended  from  the 
upper  part  of  the  hill  a  square-faced  mantle-like  covering.  This  cover- 
y^  J  ing,  in  the  ordinarv  process  of  weath- 

ering, has  its  sharper  angles  first 
removed  by  exfoliation,  which  is 
always  deepest  on  these  edges,  and 
then  this  same  process  gradually  re- 
moves the  greater  part  of  the  promi- 
nence. 

The  rounding  of  the  sharp  angles 
of  rocks  is  due  to  their  greater  ab- 
sorption of  both  heat  and  moisture 
than  any  equal  area  of  the  surface 
at  any  other  part. 

Let  A  B  C  represent  in  section  the 
surface  of  an  angular  piece  of  stone- 
If  surfaces  of  a  given  size  receive  amounts  of  heat  equal  to  x,  the  surface 
of  R  and  P  would  each  receive  the  x  temperature,  while  that  of  0  would 
receive  2x,  or  twice  that  amount.  The  resultant  of  the  penetration  of  x 
upon  0  would  be  in  the  direction  B  JV,  and  therefore  the  extra  amount 
of  heat  in  0  would  penetrate  deepest  in  the  direction  B  N.^  Except  that 
the  process  is  reversed,  cooling  takes  place  exactly  like  heating — that  is, 
radiation  from  the  angles  is  greater  than  from  equal  bulk  at  other  parts 
of  the  exposed  faces.  It  follows,  also,  that  the  more  acute  the  angles  of 
the  block  the  greater  will  be  the  absorption  and  radiation  and  hence  the 
deeper  will  the  isotherm  of  a  given  temperature  penetrate  on  the  angle. 
I  endeavored  to  ascertain  whether  the  obliquity  of  the  solar  rays 
.against  the  surfaces  of  the  granite  hills  about  Rio  has  made  any  appre- 
ciable difference  in  their  topography.  Rio  de  Janeiro  being  in  south 
latitude  23°,  the  sun  is  to  the  north  during  almost  all  the  year.  Its  rays 
therefore  fall  against  the  north  slopes  of  these  conical  hills  with  but  little 

•  In  his  Geological  Reconnoissance  in  California,  p.  146,  W.  P.  Blake  haa  a  diagram  illaslratioff 
this  process  of  exfoliation  by  decomposition  of  sandstone  blocks.  See  also  M.  Taomy :  Report  oo 
the  Geology  of  South  Carolina.    Columbia,  1848,  p.  63. 
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obliquity,  and  they  therefore  attain  a  higher  temperature  and  might  be 
expected  to  be  modified  accordingly.  As  a  matter  of  fact,  the  angles  of 
slope  of  these  hills  vary  greatly  and  seem  to  be  determined  by  structural 
differences,  from  which  it  is  inferred  that  structure  has  more  to  do  with 
their  ultimate  topographic  forms  than  has  variations  of  temperature. 

It  is  not  to  be  inferred,  however,  that  the  main  features  of  exfoliation 
are  determined  by  the  banding  of  gneiss,  for  the  sheets  come  away  for 
the  most  part  regardless  of  this  banding.* 

The  spheroidal  weathering  of  igneous  rocks  f  is  supposed  to  be  due  to 
imperceptible  lines  of  fractures  caused  by  the  cooling  of  the  mass  and 
developed  by  weathering.  It  should  be  noted  here  that  there  is  no  reason 
for  supposing  that  either  the  mountain  masses  or  the  exfoliated  boulders 
of  Brazil  owe  their  origin  to  such  action,  or  that  they  call  for  any  such 
explanation. 

The  exfoliated  rocks  discussed  by  Scrope,  Mallet  and  Bonney  are  igneo- 
volcanic,  while  the  Brazilian  rocks  are  mostly  plutonic.  The  boulders 
flake  off  in  the  same  way,  whether  the  exfoliating  masses  are  broken  out 
naturally  or  artificially,  while  there  is  certainly  no  reason  for  supposing 
that  the  mountains  are  cones  formed  by  the  cooling  of  the  original  mass. 
The  rounding  of  the  hills  takes  place  in  precisely  the  same  way  as  the 
rounding  of  any  angular  fragment  of  homogeneous  rock  when  its  temper- 
ature is  alternately  and  quickly  raised  and  lowered. 

Professor  Shaler  has  called  attention  I  to  the  great  annual  change  of 
temperature  suffered  by  exposed  rock  surfaces  in  the  northern  United 
States  at  a  variation  of  about  150  degrees  ( — 30®  to  125®+)  in  half  a 
year,  and  a  diurnal  variation  often  amounting  to  half  that.  The  annual 
changes  suffered  by  exposed  rock  surfaces  in  Brazil  is  not  so  great  as 
this,  but,  as  shown  above,  it  is  enough  to  open  the  rocks  for  the  penetra- 
tion of  disintegrating  agents,  which  are  more  active  there  than  in  tem- 
perate regions.  The  fact  that  the  changes  in  temperate  regions  are  lower 
in  the  scale  is  of  no  importance  so  long  as  they  do  not  fall  below  the 
freezing  point. 

Professor  Shaler  points  out  in  the  paper  just  cited  that  concentric  frac- 
ture is  the  result  of  changes  of  temperature,  and  that  it  must  produce 
dome-like  topographic  forms,  and  that  hitherto  covered  blocks  which 
did  not  exfoliate  before  exposure  do  so  as  soon  as  exposed. 

Finally  it  may  be  said  of  exfoliation  that,  while  changes  of  tempera- 
ture tend  to  cause  it,  exfoliation  is  not  produced  by  changes  of  tempera- 
ture alone,  and  decomposition  much  less  so.     I  quite  agree  with  the 

*  See  also  geology  of  New  England.    T.  Sterry  Hunt.    Amer.  Jour.  Sci.,  vol.  1, 1870,  p.  8. 
tCoIuranar,  fiseile  and  spheroidal  stractare.    T.  G.  Bonney.    Quar.  Jour.  Geol.  Soc,  vol.  zzxli, 
U76»  pp.  140-154.    Geikie's  Text-book  of  Geology,  3d  ed.,  p.  348. 
I  Proc.  Boston  Soc.  Nat.  Hist.,  toI.  xH,  18G0,  pp.  280-293. 
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opinion  expressed  by  Julien  *  that  the  simple  heating  and  cooling  of 
the  rock  is  not,  at  the  temperature  it  undergoes,  a  matter  of  much  im- 
portance. The  importance  of  such  heating  and  cooling  comes  almost 
entirely  from  the  moisture  of  the  atmosphere  in  which  it  takes  place  and 
from  the  train  of  disasters  which  follow. 

What  is  true  of  the  penetration  of  heat  into  the  rock  mass  on  a  plane 
surface  as  compared  with  that  penetrating  it  on  an  angle  is  true  also  of 
the  penetration  of  other  agents  of  disintegration,  such  as  carbonic  acid 
and  water.f  This  is  shown  by  the  fact  that  the  process  of  concentric 
decay  goes  on  beneath  the  surface  as  well  or  even  better  than  above 
ground.  Julien  found  evidences  of  the  penetration  of  surface  waters  in 
micaceous  gneiss  to  a  depth  of  about  10  feet.  X 

The  most  important  contribution  of  changes  of  temperature,  therefore, 
toward  rock  decomposition  is  in  the  opening  of  crevices  for  the  admis- 
sion of  water  and  acids  which  attack  the  constituent  minerals. 

Again,  exfoliation,  whether  of  mountain  masses  or  of  boulders,  can 
take  place  only  with  massive  and  homogeneous  rocks.  Jointed,  bedded, 
or  heterogeneous  bodies  would  admit  agents  of  decomposition  unevenly 
and  permit  the  formation  of  grooves. 

Some  reference  should  be  made  here  to  the  theory  proposed  by  von 
Eschwege,  who  says :  § 

"Tlie  formation  of  round  masses  by  concentric  exfoliation,  .  .  .  especially 
in  granite,  granite-gneiss  and  greenstone  diabase,  depends  upon  attraction  (central- 
kraflen)  and  the  effects  of  affinity,  just  as  does  the  formation  of  strata  and  as  does 
every  regular  crystallization.  While  the  entire  mass  is  influenced  by  the  principal 
force  of  cohesion  which  affects  the  inner  layers  (centralfachen),  this  force  is  abo 
distributed  to  a  small  degree  along  single  }x>ints  in  the  layers,  and  exercises  its 
power  of  attraction  in  all  directions  as  far  outward  as  its  force  is  not  nullified  nor 
hemmed  in  by  the  points  lying  next  to  it.  The  nearer  it  is  to  the  center  of  this 
force,  so  much  firmer  a  nucleus  does  the  rock  form ;  the  further  away  from  it  it  is, 
so  much  looser  and  more  scaly  does  the  nuiss  surrounding  the  nucleus  become,  and 
finally,  becoming  still  looser,  it  passes  into  a  neutral  condition  until  the  expression 
of  the  force  of  the  next  point  is  seen  in  the  formation  of  a  new  globe.  In  this 
manner,  according  as  these  centers  are  close  together  or  far  apart  or  have  a  strong 
or  weak  effect,  the  spheres  are  larger  or  smaller,  and  when  of  granite  (in  Portugal, 
for  example,  in  the  neighborhood  of  Oporto  and  Penafiel,  in  the  province  of  Minho), 
are  at  times  10,  20  or  even  50  feet  in  diameter ;  they  exist  also  in  oolite  of  sec- 
ondary formation  as  very  small  spheres. 

'*  Our  great  Werner  also  considers  spheroidal  forms,  especially  those  of  basalt, 
as  orignal  and  not  as  having  come  from  weathering,  as  several  have  concluded. 


*  A  study  of  the  New  York  obelisk  hb  a  decayed  boulder.  A.  A.  Jalien.  Ann.  N.  T.  Acad.  Sci., 
▼ol.  viil.  1893,  pp.  93-166. 

t  For  the  mathematics  of  exfoliation  see  Monoi^raph  xiil,  U.  S.  Qeol.  Sarrey.  Washington,  IMS. 
Geology  of  the  Quicksilver  Deposits  of  the  Pacific  Slope.    O.  F.  Becker.    Pp.  68-78. 

X  Proc.  Am.  Assoc.  Adv.  Sci.,  rol.  xxviii,  1879,  p.  377. 

I  Beltriige  znr  Gebirgskunde  Brasilien.    W.  L.  von  Eschwege.    Wlen,  1882,  pp.  U,  1&. 
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Mr  Beiidant  has  proven  that  the  rounded  forms  in  crystallization  may  he  caused 
by  a  sadden  jar  or  shock,  as  may  be  beautifully  shown  in  a  saturated  salt  solution, 
which  forms  genuine  globes  when  the  vessel  is  slightly  jarred." 

Color  as  related  to  decay. — The  colors  of  the  rocks  of  Brazil  are  a  matter 
of  some  importance  in  connection  with  this  subject.  It  is  noteworthy 
that  the  natural  surfaces  of  the  gneisses  and  granites  are  not  white,  but 
are  of  a  dark  chocolate  brown  or  dark  gray  color  *  colors  which  absorb 
and  radiate  the  heat  more  promptly  than  would  the  colors  of  fresh  sur- 
faces, which  are  all  light. 

So  far  as  I  am  aware,  scarcely  a  single  dike  of  basic  rock  is  known  in 
Brazil  which  is  not  profoundly  decomposed.  The  diorites  and  diabases 
are  often  found  as  boulders  of  decomposition,  but  the  only  rocks  of  the 
kind  which  have  been  reported  not  so  decomposed  are  the  quartz  porphy- 
ries of  the  island  of  Santo  Alexio,  and  these  appear  fresh  only  because 
the  decayed  rock  is  removed  by  the  waves  as  fast  as  decay  takes  place. 

This  more  rapid  decay  is  to  be  attributed  in  part,  I  believe,  to  the  dark 
color  of  the  rock,  which  causes  it  to  absorb  and  radiate  its  temperatures 
more  rapidly  than  do  the  gneisses.f 

In  addition  to  the  temperature  effects,  it  has  already  been  pointed  out 
that  the  basic  rocks  are  more  soluble  in  acidulated  waters  than  are  the 
acid  granites.J 

Texture  as  related  to  decay, — The  boulders  of  decomposition  are  mostly 
of  rather  fine  grained  rock.  Coarsely  crystalline  rocks  I  seldom  saw  as 
boulders,  and  when  they  were  so  found  they  were  comparatively  new. 
These  two  facts  led  me  to  believe  that  coarsely  crystalline  rocks  were 
more  readily  attacked  by  the  agents  of  decomposition  than  were  the 
more  compact  ones.  This  is  also  in  keeping  with  my  experience  of  crys- 
talline rocks  elsewhere.  In  Arkansas,  for  example,  the  more  compact 
blue  syenites  seem  to  be  unaffected  below  the  thin  coat  of  decayed  rock, 
while  the  light  gray,  coarse  grained  ones  are  partially  decomposed  to  a 
depth  of  several  feet — as  far,  in  fact,  as  they  have  been  quarried.    This  is 

*Burme{ster  notes  that  all  the  undecaynd  granite  walls  of  Brazil  are  blackened  and  .streaked 
by  water.    (Reise  nach  Brasilien,  p.  518.) 

tThe  difficulties  surroandinR  the  absorption  and  radiation  of  heat  and  the  want  of  uniformity 
in  methods  of  observation  have  prevented  my  Kiting  specific  data  on  this  subject.  Actinometric 
obserrations  were  made  at  the  observatory  at  Rio  for  a  few  years,  but  it  is  not  clear  that  they  are 
available  in  the  present  study,  as  will  be  seen  from  Dr  Cruls*  description  of  the  apparatus :  "  The 
actinometer  employed  is  that  of  Dall-Eco  of  Florence,  and  is  composed  of  two  conjugated  ther- 
mometers of  Satleron.  .  .  .  One  has  the  bulb  blackened  with  lamp-black,  the  other  is  un- 
blackened.  Each  thermometer  is  enclosed  in  vtuuo  in  a  glass  tube.**  (Bulletin  Astronomiqne  et 
Meteorologtque  de  TObservatoire  Imperial  de  Rio  de  Janeiro,  1882,  pp.  23,  24.)  In  March,  188:^.  the 
difference  in  reading  between  these  thermometers  ranged  from  3.4  to  16.6  degrees  centigrade  at 
9  a.  m. ;  ftom  4  to  16.3  degrees  at  noon,  and  from  0.4  to  16  degrees  at  3  p.  ra.  The  mean  differences 
daring  that  month  were  13.26  degrees  for  9  a.  m.,  13.5  degrees  for  noon,  and  12.17  degrees  for  3  p.  m. 
(Annaes  do  Imperial  Observatorio  do  Rio  de  Janeiro,  iv,  1889.) 

I  Annalea  des  Min^s,  7me  s^r.,  vlii,  p.  698. 
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also  well  illustrated  with  certain  limestones.  The  dark,  compact  lime- 
stones have  a  very  thin  coat  of  decayed  rock,  often  not  more  than  a  mil- 
limeter, while  the  coarse  grained  marbles  of  Tennessee  and  Arkansas  are 
often  affected  to  a  depth  of  several  feet.  I  suppose  this  to  be  due  to  the 
greater  plane  surface  of  the  larger  crystals  and  to  the  uneven  contraction 
and  expansion  of  these  big  crystals. 

Pumpelly  has  expressed  the  same  view  in  regard  to  rock  decay  in  gen- 
eral. *  There  are  a  few  facts,  however,  that  do  not  seem  to  be  in  accord 
with  this  theory.  The  rock  in  the  summits  of  some  of  the  high,  bold 
peaks  are  very  coarse  grained.  Such  are  the  rocks  in  the  summit  of 
the  Corcovado  and  of  the  Sugar  Loaf. 

The  cause  of  fluting, — The  fluting  described  on  page  280  is  produced 
solely  by  surface  disintegration  and  removal  by  rain  water.  It  is  com- 
parable to  the  weathering  we  sometimes  see  on  very  compact  and  homo- 
geneous limestones.  The  changes  of  temperature  tend  to  loosen  the  im- 
mediate surface,  and  loosening  and  decomposition  are  aided  by  nitric 
and  carbonic  acids  falling  upon  the  rocks  in  the  frequent  hot  rains  of  the 
country.  The  water  falling  upon  the  rocks  tends  to  flow  straight  down 
the  surface,  and  these  little  channels  are  simply  produced  by  the  removal 
of  the  surface  as  fast  as  it  is  loosened. 

ORGANIC  CHEMICAL  AGENCIES. 

General  discussion. — In  the  decomposition  of  rocks  in  Brazil  chemical 
agencies  are  vastly  more  important,  more  varied  and  more  active  than 
mechanical  ones.  This  is  due  partly  to  the  enormous  quantities  of  both 
organic  and  inorganic  acids  washed  over  and  into  the  rocks  by  the  rains, 
and  partly  to  the  high  temperature  of  the  waters  and  acids  that  attack 
them.  It  is  important  to  remember  in  this  connection  that  the  rains  are 
most  abundant  in  that  country  during  the  hot  season,  at  a  time  when  the 
rocks  are  exposed  alternately  to  the  direct  rays  of  a  blazing  sun  and  the 
rains,  some  of  them  drizzling  and  lasting  for  days ;  others  poured  down 
in  torrents,  t 

Whatever  chemical  agents  fall  in  these  rains  or  are  picked  up  on  the 
rock  surfaces  are  rendered  more  active  by  the  water  being  heated  by  the 
hot  rocks  upon  which  it  falls  and  over  which  it  flows.  % 

*The  relation  of  secular  rock  disintegration  to  loose  glacial  drift  and  rock  basins.  B.  Pumpelly. 
Amer.  Jour.  Sci.,  3d  ser.,  vol.  xvii,  1879,  p.  136. 

t  Von  Tschudi  says :  "The  severe  nocturnal  downpours  followed  by  oppressively  hot  days  dis- 
integrate even  the  hard  rocks  in  an  extremoly  short  time.*'  Die  Brasiliauische  Provinx  Ninas 
Oeraes.    Ootha,  1862,  p.  5. 

X  Agassiz :  Journey  in  Brazil,  p.  89.  Polseuille's  Becherches  expdrimentales  sur  le  mouvement 
des  liquides  dans  les  tubes  de  trfts  petite  diamdfres  (Comptes  Bend.,  1840,  xi,  p.  1048;  1841,  xii.  PP- 
112-115)  show  that  liquids  flow  through  capillaries  three  times  as  fast  at  113  degrees  Fahrenheit  as 
they  do  at  32  degrees.  His  later  observations  show,  however,  that  most  of  the  natural  waters  are 
much  retarded  by  the  minerals  they  hold  in  solution  (Compt.  Bend.,  1847,  xxiv,  pp.  1076, 1CT7). 
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I  have  frequently  observed  during  rains,  especially  when  there  has  been 
a  shower  on  a  hot  day,  that  the  water  flowing  from  such  surfaces  is  de- 
cidedly hot,  but  I  never  made  any  record  of  its  temperature.  This  tem- 
perature can  only  be  inferred  from  the  data  given  for  the  temperatures  to 
which  the  exposed  rock  surfaces  are  subjected. 

Caldcleugh  says,  however,  that  the  temperature  of  water  running  over 
these  exposed  rock  surfaces  "  often  reaches  140°  or  150°  Fahrenheit,''  and 
he  believes  that  the  silicious  stalactites  found  by  him  at  Rio  de  Janeiro 
were  dissolved  by  these  hot  waters  from  the  iicneiss.* 

For  convenience  sake  chemical  agencies  may  be  classed  as  organic  and 

inorganic.     By  far  the  more  important  of  these  are  the  organic  acids 

which  are  washed  over  the  rocks  and  soil  and  into  their  crevices.   These 

acids  are  derived  from  two  sources,  namely,  from  burrowing  animals  and 

from  plants. 

Burrowing  animah, — Ants.  Most  of  the  burrowing  in  Brazil  is  done  by 
ants,  termites  and  other  insects.f  An  important  part  of  the  work  of  these 
insects  is  mechanical,  but  their  chemical  work  is  vastly  more  so.  They 
are  found  almost  everywhere — in  fields,  forests  and  campos — though 
they  are  much  more  abundant  in  some  places  than  in  others. 

In  some  of  the  campo  regions  of  the  Amazon  valley  of  Minas,  Goyaz 
and  Matto  Grosso  the  soil  looks  as  if  it  had  been  literally  turned  inside 
out  by  the  burrowing  of  ants  and  termites. 

Forel  says  that  "  the  ant  fauna  of  South  America  is  perhaps  the  richest 
in  the  world."  J 

I  do  not  know  how  many  species  of  ants  and  termites  live  in  the  ground 
in  Brazil ;  §  indeed  the  number  of  species  is  a  matter  of  little  or  no  im- 
portance as  compared  with  the  number  of  individuals  and  their  habits, 
and  of  this  it  is  impossible  to  give  more  than  a  very  general  impression* 
At  the  time  of  mating  I  have  often  seen  the  country  covered  for  miles  so 
thickly  with  young  females  that  they  would  average  an  individual  to 
every  square  yard  of  surface. 

Of  the  ants  proper  there  is  one  kind,  known  in  Brazil  as  miibaa  or 
sauvas,  which  deserves  special  attention. 

These  ants  live  in  large,  often  enormous,  colonies,]  |  burrow  in  the 
earth,  where  they  excavate  chambers  with  galleries  which  radiate  and 

*  On  the  geology  of  Rio  de  Janeiro.    Alexander  Galdcleagh.    Trans.  Geol.  Soc.  Lond.,  2d  ser.,  vol. 
it,  1H».  pp.  69-72. 

t  Earthworms,  which  play  so  important  a  part  in  the  formation  of  soil  in  temperate  climates,  take 
no  !>Qch  part  in  the  work  in  Braail. 

X  A  (anna  das  formlgas  do  Brazil.    Relo  Dr  A.  Forel.    Boletlm  do  Masea  Paraense,  i,  2,  p.  89. 
Parft,  1895. 

t  Foot  hondred  and  forty  species  of  ants  alone  are  described  from  Brazil.    These  are  not  all  bar> 
rowers,  howerer.    Boletim  do  Museu  Paraense,  i,  no.  2,  p.  142. 

I  Azevedo  Sampaio  estimates  some  of  the  colonies  at  176,000  to  190,000  indiriduals,  and  Others  at 
^,000.   Sadra  ou  ManhA-uftra,  pp.  60^  M.    Sfto  Paulo,  1894. 
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anastomose  in  every  direction,  and  into  these  galleries  and  chambers 
they  carry  great  quantities  of  leaves.  One  can  get  some  idea  of  the  ex- 
tent of  these  openings  from  the  heaps  of  earth  brought  up  by  the  insects. 
These  mounds  are  often  from  50  to  100  feet  long,  from  10  to  20  feet  acrosst 
and  from  1  to  4  feet  high,*  and  contain  tons  of  earth.  The  underground 
galleries  of  the  mMas  penetrate  the  soil  to  great  distances.  These  ants 
are  very  injurious  to  vegetation,  and  one  of  the  methods  used  by  the 
planters  to  kill  them  is  to  blow  poisonous  fumes  into  their  burrows.  I  I 
have  seen  these  fumes  blown  into  one  of  these  openings  issue  several 
hundred,  even  1,000  feet,  away.  Mr  Charles  J.  DuUey,  of  S&o  Paulo,  tells 
me  that  he  has  observed  openings  600  feet  from  the  parhelia  or  chief 
nucleus.  A  gallery  of  equal  length  on  the  opposite  side  would  gire  a 
horizontal  width  of  their  galleries  of  1,200  feet.  Bates  saw  sa&ba  galleri^ 
in  the  Botanical  Gardens  of  Pari  70  yards  long.  He  says,  on  the  authority 
of  the  Reverend  H.  Clark,  that  ants  tunneled  beneath  the  Parahybariver.t 
Bates  also  tells  of  the  fire-ants  at  Aveyros  on  the  Amazonas  actually 
driving  the  inhabitants  out  of  that  town. 

**  The  soil  of  the  whole  village  is  undermined  by  them ;  the  ground  is  perforated 
with  entrances  to  their  subterranean  galleries." 

And  yet  when  the  young  winged  ants  come  from  their  nests  at  the 
beginning  of  the  rainy  season  they  are  blown  into  the  river  and  drowned 
in  such  numbers  that  a  "  compact  heap  of  dead  bodies  .  .  .  extends 
along  the  banks  of  the  river  for  12  or  15  miles."  % 

Clark  says :  § 

*'  Brazil  is  one  great  ante'  nest.  They  are  of  all  sizes  and  dispositions :  some  are 
a  plague  to  us  in  the  house,  for  they  will  come  at  nights  and  prey  on  the  insects  in 
our  store-boxes ;  some  are  a  plague  to  us  in  the  forests,  for  they  get  inside  one's 
clothes  and  bite  and  sting ;  others  are  a  more  serious  evil  still— vegetable  feeden^, 
which  will  take  a  fancy  to  the  leaves  of  some  tree  and  strip  every  leaf  off  in  one 
night.  Some  species  .  .  .  burrow  for  miles  six  or  ten  feet  below  the  surfwe 
of  the  ground.'* 

Another  writer  says : 

"  The  multiplication  of  these  insects  is  so  rapid,  their  retreats  so  inaccessible, 
their  organization  so  perfect,  and  their  mandibles  so  audacious  that  one  serioasly 
asks  whether  they  are  not  the  real  conquerors  of  Brazil.  .  .  .  One  may  see 
colonists  giving  way  before  these  indefatigable  invaders  every  day."  || 

•  Wallace  mentioD^  heaps  from  30  to  40  feet  long  and  4  feet  high.  A  Narrative  of  TraTel  oo  the 
Axnason  and  Rio  Negro.  Alfred  R.  Wallace.  London,  1870,  p.  37.  C.  Brent  mentions  a  moaod 
45  feet  across  and  2  feet  high.    American  Naturalist,  toI.  zx,  1886,  p.  184.  ^ 

t  Naturalist  on  the  Amazonas.    Henry  W.  Bates.    4th  ed.,  pp.  9-\5. 

X  Naturalist  on  the  Amazonas,  4th  ed.,  p.  206.    See  also  pp.  350-360. 

2  Letters  Home  from  Spain,  Algeria  and  Brazil.  Reverend  Hamlet  Clark.  London,  1867,  pp^^^^* 
173.    The  Zoologist,  May,  1857,  p.  5561. 

I  Le  Mato  Virgem ;  scenes  et  souvenirs  d*un  voyage  au  Brdsil.  Adolphe  d'Assi^r.  Revae  des 
Deux  Mondes,  xlix,  i,  1864,  p.  582. 
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The  only  personal  observations  I  have  been  able  to  make  in  regard  to 
the  depth  of  these  excavations  were  along  the  line  of  a  canal  in  the  dia- 
mond regions  of  Minas  Geraes ;  there  the  chambers  or  enlarged  galleries 
were  found  from  4  to  8  feet  below  the  surface,  the  chambers  being  ar- 
ranged in  tiers  or  on  floors  one  above  the  other.  Sampaio  gives  one  sec- 
tion through  a  nest  over  7  feet  deep  and  another  Hi  feet  deep.*  I  have 
frequently  been  told,  however,  of  these  galleries  being  as  much  as  12  feet 
deep  in  the  old  sa&ha  colonies,  and  that  the  ant-killers  on  coffee  planta- 
tions often  open  them  out  to  this  depth. 

The  Reverend  H.  C.  McCook  has  described  the  habits  and  abodes  of  a 
Texas  ant  (AUafervena)  which  give  some  idea  of  the  extent  of  ant  burro  ws.f 
This  species  makes  its  galleries  as  much  as  12  feet  in  diameter,  15  feet 
deep  and  120  feet  long.  Belt  tells  of  the  leaf-cutters  (CEcodomd)  having 
galleries  4  or  5  feet  deep.J 

The  Reverend  J.  G.  Wood  tells  of  an  instance  of  sainhas  having  "  ruined 
a  gold  mine  for  a  time,  breaking  into  it  with  a  tunnel  some  80  yards  in 
length  and  letting  in  a  torrent  of  water,  which  broke  down  the  machin- 
ery and  washed  away  all  the  supports,  so  that  the  mine  had  to  be  dug 
afresh."  § 

The  chambers  in  the  galleries  examined  by  me  were  all  found  to  con- 
tain loose  balls  made  of  the  fragments  of  leaves  that  had  been  carried  in 
by  the  ants.  || 

The  quantities  of  vegetable  matter  carried  into  their  burrows  is  almost 
beyond  belief.  I  have  seen  a  full-grown  orange  tree  completely  stripped 
of  its  foliage  within  a  few  hours.  In  the  coffee  regions  the  damage  done 
by  them  is  so  serious  that  the  Brazilian  government  at  one  time  offered 
a  large  premium  for  a  successful /orwi/cicZa  or  ant-exterminator.^ 

I  can  vouch  for  the  accuracy  of  the  description  given  by  Lund  of  the 
work  of  these  ants.    The  case  is  quoted  here  for  the  purpose  of  giving 

*Sft6Ta  oa  Manhfl-aira.    A.  6.  de  Azevedo  Bampaio.    SAo  Paulo,  1894,  pp.  22,  62,  64. 

tProc.  Phil.  Acad.  Nat.  Sci.,  1879,  pp.  33-40.  Abstract  in  Annals  and  Magasine  of  Nat  Hist.,  6th 
0«r.,Tol.  iii,pp.  442-449. 

Xk  Nataralist  in  Nicaragua,  p.  76. 

\  Wanderings  in  South  America.  Charles  Waterton.  London,  1882.  Explanatory  index.  ReT- 
«rend  J.  O.  Wood,  p.  47.  Formigat  tadvfu,  extracts  from  an  article  by  Dr  O.  S.  Capanema.  Aux- 
iliador  da  Induatria  Nacional,  xIIt.    Rio  de  Janeiro,  1876.  pp.  32-36. 

I  On  the  injury  done  by  ants  to  crops  see  the  Revista  Agricola  do  Imperial  Institute.  Fluminense 
<1«  Afficnltura,  iz,  1,  March,  1878,  p.  21 ;  xiy,  4,  December,  1883,  p.  215.  O  Auxiliador  da  Industria 
Nacional.  xHt,  Rio  de  Janeiro,  1876,  p.  31.  Tratado  descriptiyo  do  Brazil  em  1587.  Obra  de  Gabriel 
8oare9  de  Sonsa.    Revlsta  do  Inst.  Hist,  do  Brazil,  1851,  xiv,  p.  271.    See  also  ibidem,  p.  163. 

%  Relt  thinks  the  leares  carried  into  the  ground  by  these  ants  are  used  to  grow  fungi  for  food 
(Naiaralist  in  Nicaragua,  p.  80).  The  balls  of  leaves  I  hare  seen  were  all  covered  by  fungi.  Bur- 
melster  thinks  the  leaves  are  allowed  to  decay  and  are  then  fed  to  the  larvn  (Reise  nach  Branilien,. 
P-  372).  Barfto  de  Capanema  says  the  young  ants  are  fed  upon  a  white  mould  which  in  planted  and 
CQltivated  with  care  by  the  ants  (Auxiliador  da  Industria  Nacional,  xliv,  1876,  p.  31).  This  has  now 
been  established  by  Dr  Moeller  (Die  Pilz-Oaerten  einiger  SQdamerikanischer  Ameixen,  Jena,  1893. 
Bee  also  Boletim  do  Museu  Paraense,  i,  no.  2,  pp.  90,  91.    Par&,  1896). 
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an  idea  of  the  amount  of  vegetable  matter  carried  into  the  ground  bv 
them :  * 

**  Passing  one  day  near  a  tree  that  stood  almost  alone,  I  waa  sarpriaed  to  hear 
the  sound  of  leaves  falling  to  the  ground,  though  the  air  was  calm.  .  .  .  What 
increased  my  astonishment  was  the  fact  that  the  fiEJling  leaves  had  their  natural 
color,  and  that  the  tree  seemed  to  be  perfectly  sound.  I  went  up  to  see  the  reason 
of  this  phenomenon,  and  found  on  almost  every  petiole  an  ant  at  work  with  all  its 
might.  The  petiole  was  soon  cut  off,  and  the  leaf  fell  to  the  ground.  Another 
scene  was  going  on  at  the  foot  of  the  tree.  The  ground  was  covered  with  ante 
occupied  in  cutting  up  the  leaves  as  fast  as  they  fell,  and  the  pieces  were  carried  at 
once  into  the  nest.  ...  In  less  than  an  hour  the  work  was  done  before  my 
eyes,  and  the  tree  stood  completely  defoliated." 

Burmeister  says  some  of  the  large  ants  (^Atta  ceptiahtes)  mH  "strip 

whole  trees  in  a  single  day  "f  and  carry  the  leaves  into  the  ground. 

''A  good-sized  mango  tree,  at  least  as  large  as  an  average  apple  tree,  I  saw 
stripped  of  every  leaf  in  one  night."  t 

The  following  is  an  account  of  the  saubas  in  Sao  Paulo :  § 

"The  enemy  most  dreaded  in  the  fazendas  is  indubitably  the  sudva  or  Tana-juni, 
a  black-brown  ant  two  centimeters  long,  which  undermines  the  ground  by  di^gii^g 
extensi  ve  passages  and  dens  in  all  directions.  It  attacks  all  sorts  of  trees,  the  coffee, 
shrub  among  others  ...  In  former  times  these  ants  seem  to  have  worked 
frightful  havoc  in  the  cafesaes  (coffee  fields)  by  causing  land  slips,  because  the  means 
of  destroying  whole  nests  at  that  time  was  not  discovered.  Now  they  are  less  feared, 
although  it  still  costs  from  8.  to  12  guineas  a  month  per  plantation  to  keep  them 
down.  On  every  fazenda  (plantation)  two  or  three  slaves  are  kept  whose  exclusive 
business  it  is  to  find  out  the  nests  of  the  aaHvas  .  .  .  The  subterranean  ant  laby- 
rinth destroyed  in  my  presence  near  the  fazenda  Areas  in  Cantagallo  seemed  to  be 
very  extensive." 

From  a  geological  point  of  view  the  extent  of  these  underground  pas- 
sages, the  nature  and  amount  of  the  materials  carried  into  them  and  the 
size  of  the  colonies  are  matters  of  importance. 

Termites. — Some  of  the  termites  or  white  ants  of  Brazil  (popularly 
known  as  ciipim)  live  upon  wood  and  build  their  nests  upon  the  trunks 
or  branches  of  trees,  while  others  live  in  and  upon  the  ground  and  build 
their  houses  of  clay  upon  its  surface.  Here,  again,  I  have  not  concerned 
myself  with  the  number  of  species,  for  it  is  the  number  of  individuals 
and  their  habits  with  which  we  are  chiefly  concerned.  || 

*Lettre  sur  lea  fourmis  da  Br6«il.    M.  Lund.    Ann.  des  Soi.  Naturelles,  zziii,  p.  118. 

t  Reise  nach  Brosilien,  p.  372. 

X  Notes  on  the  Oecodomas  or  Leaf-cutting  Ants.    G.  Brent.    Amer.  Naturalist,  vol.  xx,  1886,  p.  124. 

i  BfakU  and  Java.    Report  on  Coffee  Culture  in  America,  Asia  and  Africa.    C.  F.  Van  D^Idea 
Laerne.    London,  1885,  pp.  297,  298. 

I  Pr  J.  Barbosa  Rodrigues  says  there  are  two  species— one  living  on  wood  and  in  trees,  the  other 
on  Ihe  ground  (Revlsta  do  Inst.  Hist,  do  Braail,  xliv,  pt.  i,  1881,  p.  76).  Dr  Frits  MQUer,  howerer 
an  excellent  entomologist,  who  has  lived  many  years  in  southern  Braxtl,  says  that  he  has  found 
there  15  or  16  species  (O  Auxiliador  da  Industria  Nacional.  Rio  de  Janeiro.  1874,  xlii,  p.M8) 
Jenaisch  Zeitachrift,  vii,  1873,  pp.  333-358,  461-463.  Abslr.  An.  and  Mag.  Nat  Hist,  4th  ser.,  xlii. 
1874,  pp.  402-404.    These  species  do  not  all  live  on  the  ground,  however. 
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How  deep  the  galleries  of  the  white  ants  pdnetrate  the  soil  I  do  not 

know,  and  I  have  not  been  able  to  find  any  record  of  the  observations  of 

others  upon  this  subject.*    The  size  of  the  nests  of  clay  above  ground, 

however — from  1  to  12  feet  in  height  and  from  1  to  10  feet  in  diameter — 

is  certainly  enough  to  justify  the  belief  that  these  channels  are  extensive. 

They  are  not  confined  to  any  particular  kind  of  country  or  soil,  so  far 

as  I  could  ascertain,  but  they  are  more  abundant  in  some  regions  than 

in  others.    They  are  especially  noticeable  on  the  iaboleiroa  and  chapadas 

of  the  interior  and  in  the  campo  or  timberless  regions  generally,  where 

they  are  a  common  feature  of  the  landscape.    I  am  not  sure,  however, 

that  their  abundance  in  the  campos  is  not  apparent  rather  than  real,  for 

even  were  they  equally  so  in  the  forests  their  presence  would  not  be  so 

noticeable,  t    I  have  observed  them  from  the  state  of  Parani  to  north  of 

the  Amazon.    Along  the  upper  Paraguay  in  Matto  Grosso  I  have  seen 

places  where  the  nests  are  so  close  together  that  one  could  almost  walk 

upon  them  for  several  hundred  yards  at  a  time,  while  over  many  acres  of 

ground  no  one  of  the  nests  was  more  than  10  feet  from  another.  J 

The  cupim  or  termites  houses  vary  much  in  form.  Some  of  them,  as 
Burmeister  &cetiousIy  suggests,  bear  a  strong  resemblance  to  gigantic 
Irish  potatoes.  They  are  mostly  domed  or  rounded,  but  many  of  those 
of  the  upper  Paraguay  are  tall  and  slender  and  peaked,  and  are  as  much 
as  6  or  7  feet  tall,  though  not  usually  quite  so  high.  These  tall,  slender 
ones  are  commonly  known  as  frades  de  pedra  or  stone  friars.  § 

On  the  campos  of  the  Amazon  valley  north  of  Macapd  the  nests  are 
usually  tall  and  large.  Mr  Horace  E.  Williams,  chief  topographer  of  the 
Geological  Survey  of  Sao  Paulo,  writes  me  that  about  Taubat^,  in  Sao 
Paulo,  these  nests  are  frequently  8  feet  high,  while  about  the  city  of  Sao 
Paulo  they  are  only  2  or  3  feet  high.  Over  the  campos  of  Minas,  Bahia, 
Pernambuco  and  the  interior  generally  they  vary  from  2  to  12  feet  in 
height  and  from  2  to  10  feet  in  circumference.  || 

Mr  Charles  J.  DuUey  says  he  has  seen  the  termites  nests  about  Cax- 
ambii,  in  the  southern  part  of  Minas  Geraes,  as  much  as  12  feet  high  and 
5  feet  across  at  the  base.  He  tells  of  a  case  of  one  of  these  abandoned 
mounds  having  been  hollowed  out  and  used  by  a  baker  as  an  oven. 

*Drnraraoiid  talis  of  pits  of  white  ants  in  the  Lake  Nyassa  region  of  Africa  "some  dozen  feet  in 
depth.**    The  white  ant:  a  theory.    Henry  Drammond.    Good  Words,  1885,  p.  303. 

fBanneister  expresses  the  opinion  that  they  are  more  abundant  in  the  woods  than  in  the 
campos.    Reise  nach  Brasillen,  p.  491. 

tSee  also  Viagem  ao  redor  do  Brazil.    Jofto  Severiano  da  Fonseca.    Rio  de  Janeiro,  188n,  I,  p.  352. 

I  The  only  good  picture  I  have  seen  of  the  nests  of  termites  is  that  given  in  the  Challenger  re- 
ports and  taken  at  cape  York,  northern  Australia.    Narrative  of  the  Cruise,  vol.  i,  pt.  2,  pi.  zx,  p.  632. 

I  Travels  in  South  America.  Alexander  Caldoleugh.  liondon,  1826,  ii,  p.  194.  Voyage  dans  les 
ProTiDces  de  Rio  de  Janeiro  et  de  Minas  Geraes.  Aug.  de  Saint-Hilaire.  Paris,  183U,  i,  p.  108. 
Notices  of  Brazil  in  1828  and  1829.  R.  Walsh.  Boston,  1831,  vol.  ii,  p.  61.  Reise  nach  Brasilien. 
Von  Barmeister,  p.  491.  Reise  In  Brasilien.  Spix  u.  Martiiis,  il,  p.  719.  Voyage  au  Brteil.  Prince 
Maximilien.    Paris,  1822,  iii,  p.  129. 
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These  termites  live  partly  in  their  houses  and  partly  in  the  ground. 
Their  nests  all  open  into  the  soil  beneath,  so  that  the  acids  and  gases 
produced  by  these  vast  numbers  of  insects  are  poured  into  the  ground 
and  eventually  carried  down  to  the  rocks  beneath. 

The  galleries  of  the  ants  proper  spread  out  on  all  sides  of  the  m&in 
entrances  and  anastomose  so  as  to  form  a  vast  network  of  underground 
channels,  into  which  the  ants  drag  their  food  and  the  leaves  of  plants, 
wliere  their  dead  bodies  decay,  and  where  their  breath  so  long  as  thev 
live  contributes  carbonic  acid  *  to  the  other  organic  acids  formed  by  the 
decay  of  this  animal  matter,  all  of  which  attack  the  rocks  and  soil  and 
are  washed  by  the  rains  to  lower  levels.f 

One  fact  which  suggests  the  great  numbers  of  these  ants  is  that  there 
are  in  Brazil  several  species  of  armadillos  and  ant-eaters  which  subsist 
in  part  or  entirely  on  ants  and  termites ;  and  the  tamandufis  or  ant- 
eaters  are  no  small  animals.  Gardner  tells  of  having  killed  one  that 
measured  6  feet  in  length,  not  counting  the  tail,  and  10  feet  with  the  tail.t 

Chemical  work  of  plants^ — The  efifect  of  vegetation  upon  rock  disinte- 
gration comes  from,  first,  the  mechanical  effects  of  penetrating  roots, 
which  break  up  the  material ;  second,  making  courses  or  roads  of  the 
roots  along  which  the  surface  waters  readily  penetrate ;  third,  the  ab- 
straction from  the  earth  of  such  materials  as  are  available  in  plant 
growth ;  fourth,  in  tho  formation  of  acids  upon  the  decay  of  the  plants. 

I.  The  mechanical  work  of  penetrating  roots  scarcely  need  be  dwelt 
upon  here.  Every  one  is  acquainted  with  the  prying  off  of  boards  from 
houses  by  ivy  and  Virginia  creeper  and  the  lifting  of  sidewalks  by  the 
roots  of  trees  passing  beneath  them.  On  a  smaller  scale  this  kind  of  work 
loosens  the  earthy  particles  and  opens  incipient  cracks  and  even  sepa- 
rates large  blocks. 

II.  The  second  point  is  well  understood  by  hydraulic  engineers  and 
by  any  one,  indeed,  who  has  had  occasion  to  build  earth  dams.  Roots 
left  in  the  earth  beneath  the  dam  are  almost  certain  to  guide  the  water 
along  incipient  breaks.  It  seems  to  be  next  to  impossible  to  prevent 
leaks  in  ground  containing  such  roots,  and  for  this  reason  careful  engi- 
neers always  have  such  grounds  cleaned  of  stumps  and  roots  before  fills 
are  made. 

III.  Besides  abstracting  a  large  part  of  the  plant^s  food  directly  from 
the  soil,  the  roots  of  plants  are  able  to  attack  and  dissolve  the  rocks  them- 

•  I  know  of  no  determination  of  the  carbonic  acid  exhaled  by  ants.  Moleschott's  researcbef  on 
the  production  of  carbonic  acid  by  animals  relate  only  to  troga.  Hia  results  may  or  may  not  be 
applicable  to  ants.    Comptes  Rendus,  xli,  18&5,  pp.  363,  466,  961. 

t  James  E.  Mills  is  the  only  person  who,  so  lar  as  I  am  aware,  has  called  attention  to  the  geo- 
logical work  of  ants  (Amer.  Geologist,  June,  1889,  p.  361).  It  is  spoken  of  by  Henry  Drummond 
(Good  Words,  May,  1883,  p.  3U3),  but  only  the  mechanical  importance  of  their  work  is  snggested. 

t  Travels  in  Brazil.    George  Gardner.    London,  1845,  pp.  398, 399. 
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selves.  This  direct  solvent  action  of  roots  and  rootlets  upon  rocks  has 
been  practically  demonstrated  by  Sachs.* 

IV.  But,  however  important  these  operations  may  be,  it  is  to  the  last 
agency — ^the  formation  of  acids  by  decay — that  attention  is  especially 
directed. 

The  richness — ^rankness — of  Brazilian  vegetation,  except,  of  course,  in 
the  campo  region,  is  almost  incredible.  If  a  forest  be  cleared  away  and 
then  left  to  itself  it  grows  up  so  quickly  that  in  three  or  four  years  it 
looks  almost  like  a  primeval  forest,  except  in  the  cases  of  a  few  of  the 
slower  growing  trees,  such  as  rosewoods,  bra&naa  and  perohas.  The  forests 
of  the  forest  regions  are  literally  impenetrable  except  by  the  use  of  the 
Jacdo  or  big  forest  knife.  Where  they  are  traversed  by  roads  one  can 
often  travel  for  days  in  a  twilig&t  gloom  without  getting  more  than  occa- 
sional glimpses  of  the  sky. 

"  Plus  on  avance  dans  ces  forets,  et  moins  il  y  a  d'ouvertures :  on  pent  y  marcher 
Tespace  de  plusieurs  jours,  et  le  ciel  se  montre  rarement  ^  travers  lea  routes  a^ri- 
ennes  dent  la  verdure  recouvre  le  voyageur."  t 

Mr  Clark  gives  the  following  graphic  description  of  the  forests  of  the 
Organ  mountains :  X 

'^  We  were  in  the  deepest  shade ;  some  50  or  80  feet  above  our  heads  were  the 
bushy  tops  of  closely  packed  trees ;  then  below  them  a  second  covering  of  palms, 
fern  trees,  and  such  like,  all  loaded  with  parasites ;  below  them  again  was  thick- 
tangled  brushwood,  not  in  the  least  like  our  English  brushwood,  that  good  naturedly 
gives  way  to  your  arms  and  hands  as  you  stride  through  it,  but  interlaced  in  all  di- 
rections with  long  trailing,  creeping  plants,  some  with  stems  as  thick  as  my  wrist, 
others  thinner ;  the  thinnest  and  by  far  the  worst  for  us  were  thread-like  runners 
that  were  no  thicker  than  string,  so  touj^h  that  to  break  them  was  impossible  and 
80  long  that  they  would  not  give  way  before  us.  Underneath  this  monster  vege- 
table net  .  .  .  was  the  ground,  covered  with  masses  of  dead  leaves,  broken 
branches,  all  the  debris  of  the  vast  v^etable  creation  above  that  had  been  accumu- 
lating for  countless  ages,  and  often  green  with  little  plants  and  ferns." 

The  darkness  of  these  forests,  however,  is  seldom  a  cool  shade ;  the 
hot  air  is  reeking  with  moisture  and  the  conditions  highly  favorable  for 
plant  growth.  But  while  vegetable  growth  is  notoriously  rapid  and  rank 
its  decay  is  equally  rapid,  and  this  decay  produces  large  quantities  of 
organic  acids,  which  are  carried  by  the  rains  into  the  soil  and  the  under- 
lying rocks.  Even  on  the  barest  rock  surfaces  there  is  always  consider- 
able vegetation  in  the  form  of  lichens,  liverworts  and  small  epiphytes 
(bromelias).  These  plants  furnish  but  little  protection  against  the  me- 
chanical wearing  of  the  rocks,  while  they  contribute  destructive  acids  to 

*  Experimental  Physiologie,  p.  188 ;  Johnson's  How  Crops  Feed,  p.  326;  Bot  Zeltung,  iseo,  p.  lia. 

t  Voyage  Pittoresqae  dans  le  Brteil.    Maurice  Ragendas.    Paris,  1836,  p  10. 

X  Letters  Home  from  Spain,  Algeria  and  Brasil.    Hamlet  CiarK.    London,  1867,  p.  123. 


302  J.  C.  BRANNER — DECOMPOSITION   OP   ROCKS   IN   BRAZIL. 

the  surface  waters.*  They  also  help  to  keep  the  surface  of  the  rock  moist 
and  thus  increase  the  radiation  at  nip;ht  and  enable  the  acids  to  attack 
the  rock.  Besides,  they  color  the  surface  of  the  rock  black  or  dark  brown, 
and  this  color  causes  the  rock  to  absorb  more  heat  than  it  could  other- 
wise do.  It  is  worthy  of  note  in  this  connection  that  vegetation,  except 
upon  the  bare  surfaces,  while  it  hastens  decomposition,  retards  denuda- 
tion. Scouler  says  that  *'  in  the  vicinity  of  the  coast  this  rock  is  pro- 
tected from  the  influences  of  the  weather  by  the  dense  v^etation  which 
covers  the  soil."  t    This  is  true  only  in  so  far  as  it  relates  to  denudation. 

It  has  been  pointed  out  by  Corenwinder  that  the  sun  shining  upott 
decayed  organic  matter  develops  carbonic  acid.  J 

Decomposition  of  the  rocks  seems  to  take  place  most  rapidly  and  ex- 
tensively where  drainage  is  sluggish,  denudation  but  slight  and  the  soil 
supports  a  rank  vegetation  and  where  the  decay  of  organic  matter  is  most 
rapid.  Water  falling  upon  such  a  sur&ce  is  impeded  by  the  vegetation, 
and,  charged  with  organic  acids,  it  soaks  into  the  ground  and  performs 
its  work  of  rock  destruction.  Hartt  was  of  the  opinion  that  deep  decom* 
position  was  confined  to  regions  which  are  or  have  been  covered  by 
forests.    He  says : 

"  I  believe  that  the  remarkable  decomposition  of  the  rocks  in  Brazil  has  taken 
place  only  in  regions  anciently  or  at  present  covered  by  forests."  { 

Julien  expresses  the  opinion  that— 

"  Both  in  Brazil  and  in  our  southern  states  the  main  agents  of  disintegration 
have  been  mainly  derived  .  .  .  from  neither  atmospheric  nor  subterranean 
sources,  but  from  the  heavy  forest-growth  which  preceded  the  inroads  of  her  pres- 
ent civilization.*' 

This  is  a  theory  which  commends  itself  to  every  geological  observer  in 
Brazil.  There  are  so  many  instances  of  deep  decay,  however,  in  r^ions 
now  not  forest-covered,  and  where  it  is  impossible  to  say  positively 
whether  they  have  ever  been  so  covered,  that  one  is  obliged  to  own  that 
it  cannot  be  either  proven  or  disproven. 

It  is  generally  understood  that  the  more  watery  vegetable  substances 
decay  more  mpidly.  This  heavy,  spongy  and  watery  nature  is  charac- 
teristic of  the  greater  part  of  tropical  plants,  and  especially  of  those  form- 
ing the  undergrowth. 

*0n  the  geological  action  of  the  humus  acids.  Alexis  A.  Julieo.  Proc.  Am.  Assoc.  Adr.  Scin 
Tol.  28, 1879,  pp.  311-410.    How  Crops  Feed.    S.  W.  Johnson.    P.  138. 

t  The  Edinburgh  Journal  of  Science,  toI.  t,  October,  1826,  p.  201.  Oilbert^s  statement  of  the 
geological  influence  of  vegetation  is  well  illustrated  by  Brasilian  rocks.  Geology  of  the  Heary 
Mountains.    O.  K.  Gilbert.    Pp.  104,  105. 

X  La  production  du  gaz  aoide  carbonique  par  le  sol.  M.  B.  Corenwinder.  Comptes  RenduB,  4U 
1866,  pp.  149-161. 

2  Hartt's  Geology  and  Physical  Geography  of  Brasil,  pp.  25,  319. 
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I  know  of  no  determinations  of  the  carbonic  acids  in  the  soils  of  Brazil 
such  as  were  made  by  Boussingault  and  L6wy  in  France.* 

Supposed  work  of  bacteria, — In  the  original  preparation  of  this  paper 
the  work  of  bacteria  in  rock  decomposition  was  not  specifically  referred 
to  because  it  was  supposed  to  be  included  under  the  general  head  of 
organic  acids  derived  from  the  decay  of  plants.  Since  the  paper  was 
presented  I  have  found  that  there  is  an  impression  abroad  that  bacteria 
attack  rocks  directly,  and  that  they  must  be  the  more  important  in 
tropical  countries  on  account  of  their  greater  activity  in  warm,  moist 
climates. 

It  is  not  possible  to  discuss  this  subject  at  length  here,  but  a  brief 
statement  of  the  principal  facts  will  not  be  out  of  place.    It  was  formerly 
supposed  that  only  the  chlorophyl-bearing  plants  could  subsist  upon 
mineral  substances,  and  that  organic  matter  was  indispensable  to  the 
existence  of  bacteria.     Warming  definitely  states  that  "  organic  carbon 
compounds  are  indispensable  for  all  bacteria  except,  as  it  appears,  for 
the  nitrifying  organisms."  f     In  1886  Frankland  began  experiments 
which  demonstrated  the  fact  that  certain  forms  of  the  nitrifying  bacteria 
may  live  without  organic  food.J    Similar  results  were  obtained  by  War- 
ing, §  Winogradsky  ||  and  Berthelot.  ^    It  cannot  be  considered  as  dem- 
onstrated from  these  researches,  however,  that  bacteria  are  capable  of 
taking  their  sustenance  directly  from  the  rock-making  minerals.    The 
solutions  used  in  the  experiments  in  every  case  contained  substances 
from  which  the  bacteria  could  derive  the  nitrogen  (and  carbon)  essential 
to  their  existence,  such  as  humic  acid,  ammonium  chloride,  or  some 
other  form  or  combination  of  nitrogen.     No  such  substances  occur  in  the 
rocks  except  as  they  are  carried  in  from  the  surface,  and  when  so  intro- 
duced the  bacteria  which  go  with  them  simply  take  part  in  the  attack 
made  upon  the  rock  constituents  by  organic  acids.     It  is  easy  to  under- 
stand, then,  why  Muntz  found  bacteria  at  depths  in  "  des  roches  dites 
pourries,"  or  disintegrated  rock;**  they  were  there  chiefly  as  the  result 
of  decay,  not  as  the  cause  of  it.    In  brief,  I  am  unable  to  find  any  evi- 
dence whatever  that  bacteria  attack  rocks  directly.    The  processes  of  nitri- 
fication and  decomposition  performed  by  bacteria  are  soil  and  surface 
phenomena  in  the  main,  and  while  these  phenomena  may  penetrate  to 


*lf4flQoire  sar  ia  composition  de  I'air  coafind  dans  la  terre  vei^etale.  Boussingault  et  L6wy. 
Compt.  Rend.,  35, 1862,  pp.  765-774. 

t  A  Handbook  of  Systematic  Botany.  £.  Warming.  Translated  by  M.  C.  Potter.  London,  1896, 
pp.  31, 32. 

tPhll.  Tmns.  Roy.  Soc.,  1890,  B.,  p.  107;  Nature,  Tol.  zWi,  1892,  pp.  130-138. 

{Aonales  de  Tlnscitut  Pasteur,  1890,  p.  268. 

I  Exper.  Station,  Bol.  8,  U.  S.  Dept.  Agr.,  1892,  p.  42  et  seq. 

f  Compt.  Rend.,  1893,  cxvi,  pp.  842-^49. 

••Compt.  Rend  ,  1890,  ex,  p.  1370. 

XXXIII— BvLL.  GxoL.  Soc.  Am.,  Vol.  7,  1896. 
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great  depths,  they  can  do  so  only  when  the  way  is  prepared  for  them  by 
the  penetration  of  surface  waters  containing  their  essential  food. 

INORGANIC  CHEMICAL  AQBNCIES. 

The  inorganic  chemical  agencies  of  decay  which  attack  the  rocks  in 
Brazil  are  carbonic  acid  (in  part)  and  nitric  acid.  Nitric  and  carbonic 
acids  are  both  brought  down  by  rain ;  the  latter  is  also  produced  by 
organic  decomposition  and  the  former  by  nitrifying  bacteria. 

Carbonic  acid  (00^), — The  carbonic  acid  attacking  the  rocks  of  Brazil 
is  derived  from  two  sources :  from  the  air  and  from  the  decay  of  organic 
matter.  The  carbonic  acid  derived  from  the  air  is  brought  down  by  the 
rains.  It  was  formerly  believed  that  there  was  more  of  this  gas  in  the 
air  (from  4  to  6  parts  by  volume  in  10,000)  than  later  examinations  have 
shown.*  The  determinations  of  Reiset,  Van  Nuy8,.Muntz  and  Aubin 
and  others  show  conclusively  that  the  amount  is  small  and  constant. 
Examinations  in  Paris  and  in  the  country  by  Muntz  and  Aubin  showed — 

**  That  the  variations  of  carbonic  acid  occur  only  between  very  narrow  limits  and 
under  local  influences,  so  that  it  may  be  said  in  general  terms  that  carbonic  acid 
is  uniformly  disseminated  in  the  lower  strata  of  the  atmosphere."  f 

Further  determinations  by  these  authors,  and  described  in  the  paper 
cited,  show  that  at  considerable  elevations  (2,877  meters  on  the  Pic  du 
Midi  in  the  Pyrenees)  the  amount  of  carbonic  acid  scarcely  diflfers  from 
that  in  the  air  near  the  sea-level. 

Another  noteworthy  fact  is  that  determinations  made  in  the  presence 
of  abundant  vegetation  showed  there  was  no  marked  difference.  I  lay 
some  stress  on  this  because  in  observing  the  character  and  amount  of 
vegetation  in  Brazil  I  presumed  that  the  decay  of  so  much  organic  mat- 
ter must  necessarily  return  large  quantities  of  carbonic  acid  and  ammo- 
nia to  the  air.  However  much  of  these  substances  decaying  vegetation 
may  yield,  it  may  be  considered  as  demonstrated  that  they  do  not  pass 
into  the  air,  but  are  carried  into  the  ground  by  meteoric  waters. 

The  determinations  of  the  above  cited  authorities  show  that  the  amount 
of  carbonic  acid  in  the  air  varies  only  between  2.76  and  3  volumes  in 
10,000,  t  and  this  must  be  regarded  as  a  practical  demonstration  that  the 
air  is  not  washed  clear  of  carbonic  acid  by  rains,  as  was  formerly  sup- 
posed. The  carbonic  acid  in  the  atmosphere  has  been  determined  at 
Para.  §    For  reasons  given  above,  however,  these  results  are  not  regarded 

*  Estimations  of  carbonic  acid  in  the  air.  T.  C.  Van  Nays  and  B.  F.  Adams.  Amer.  Chem. 
Jour.,  vol.  ix,  no.  1. 

1 4ur  les  proportions  d'acide  carboniqne  dans  les  hautes  regions  de  I'atmoaphere.  A.  Hanti  et 
E.  Aubin.    Comptes  Rendus,  93, 1881,  p.  797. 

^Sur  Tacide  carbonique  normal  de  l*air  atmosph^rique.  M.  Dumas.*  Comptes  Rendos  de 
PAcndemie  des  Sciences,  94, 1882,  pp.  589-594. 

g  Thorpe  in  Jahresbericht  der  Chemie,  1867,  p.  183. 
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as  trustworthy,  and  in  their  place  we  are  obliged  to  use  those  made  by 
the  Transit  of  Venus  Commission  of  the  French  Academy  in  1882  and 
1883  at  Saint  Augustine,  Florida;  in  Haiti,  in  Martinique,  Puebla,  Fort 
Loreto,  Mexico,  and  at  Cerro  Negro,  in  Chile.  These  determinations, 
while  they  average  a  little  lower  than  do  those  made  in  Europe,  vary 
only  between  2.665  in  Chile  and  2.897  volumes  in  10,000  in  Florida.  It 
seems  probable,  therefore,  that  while  there 'may  be  less  carbonic  acid  in 
the  air  in  the  tropics  the  difference  is  scarcely  perceptible.  * 

Fischer  t  gives  several  determinations  of  carbonic  acid  in  rain  and  snow- 
water which  show  that  the  amount  varies  much  in  spite  of  the  constant 
amount  in  the  air.  The  carbonic  acid  in  rainwater  is  between  6.7  and 
14.1  per  cent  by  volume  of  all  gases  found  in  the  water,  which  is  equiva- 
lent in  the  cases  cited  to  from  0.22  to  0.45  per  cent  by  volume  of  water. 

The  actual  amount  of  carbonic  acid  carried  down  in  the  rains  is  deter- 
mined from  these  figures  and  from  the  rainfall. 

The  rainfall  at  various  places  in  Brazil  is  given  in  the  table  below,  and 
if  we  assume  that  the  amount  of  carbonic  acid  brought  down  by  the  rain 
in  Brazil  is  a  mean  between  the  extremes  given  in  the  table,  or  0.33  J  of 
one  per  cent  by  volume  (equivalent  to  .0065  grains  in  1,000  by  weight) 
we  should  have  precipitated  in  the  rains  the  amounts  of  carbonic  acid 
given  in  the  fourth  column. 

Mean  annual  Rainfall  in  Brazil. i 


Station. 


Rio  de  Janeiro 

Santos,  S.  Paulo 

Serra  do  Cubatao,  S.  Paulo 

Sao  Paulo 

Uberaba , 

Morro  Velho,  Minas 

Gongo  Soco,  Minas 

Pard 

Ceard  

Pemambuco 

Victoria 

Colonia  Isabel 

S.  Renio  das  Lages 

Bahia 


Years  of  ob- 
servation. 


29 
15 
15 

4 

3 
25 

2 

4 
28 

8 

7 

6i 

5 

5 


Kaiu&ll  in 
millimeters. 


974.6 
2,503.0 
3,576.7 
1,494.1 
1,560.8 
1,637.0 
2,939.3 
1,788.7 
1,491.5 
2,971.7 
1,050.5 
1,037.0 
2,179.5 
2,394.8 


Millimeters 
of  CO,  in 
rainfall. 


3.21 

8.26 
11.80 
4.93 
5.15 
5.40 
9.70 
5.90 
4.92 
9.80 
3.46 
3.42 
7.19 
7.90 


*  Determiniitlons  de  Tacide  carbonique  de  Tair  dans  lea  stations  d'observution  du  passage  de 
Venas.    A.  Mants  et  E.  Aubin.    Comptee  Rendua,  96.  1833,  pp.  170:i-i799. 

Die  Chemiache  Technojogie  dea  Waaserei.    Ferdinand  Fincher.    Braaschweig,  1880,  pp.  75,  76. 

tThisamoant  ia  two-thirds  greater  than  the  theoretic  Ainounta  given  by  Roth  (Aligeroeine  und 
Chemlsche  Geologle.  Berlin,  1879,  i,  p.  44),  but  inasmuch  as  they  are  taken  from  actual  deter- 
mination it  seems  best  to  adhere  to  Fischer's  figures. 

i  Die  Vertheilung  der  Regenmengen  in  Brasilien.  Von  Professor  F.  M.  Draenert  Meteoro- 
logische.Zeitachrift,  Sept.,  1886,  pp.  381-310. 
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Important  as  is  the  carbonic  acid  brought  down  in  rains  in  BrazQ^the 
great  quantity  produced  on  the  ground,  especially  in  the  forest-covered 
portions,  is  vastly  more  so.  It  comes  from  the  decay  of  organisms  upon 
the  surface  and  in  the  ground  and  from  the  breathing  of  subterranean 
animals.  This  has  been  considered  under  the  head  of  "  Oiiganic  chem- 
ical agencies." 

Nitnc  acid  (jEWO,). — Little  account  has  been  taken  of  the  amount  and 
influence  of  the  nitric  acid  brought  to  the  earth  in  rains  and  of  the  part 
it  performs  in  the  decomposition  of  rocks  in  the  tropics.*  Nitric  acid 
is  produced  in  the  air  by  electric  discharges,  and  such  discharges  are 
much  more  violent  and  more  frequent  in  the  tropics  than  in  temperate 
regions,  and  it  may  reasonably  be  expected  therefore  that  the  amount  of 
nitric  acid  thus  produced  is  proportionately  larger.f  That  such  is  the 
case  has  also  been  determined  by  actual  examinations  of  rain-waters  in 
temperate  and  tropical  regions.  It  is  true  that  the  composition  of  the 
granites  and  gneisses  is  such  that  these  rocks  are  not  attacked  directly 
by  nitric  acid,  but,  as  is  well  known,  time  and  the  complex  processes  of 
weathering  eventually  bring  them  within  the  range  of  influences  by 
which  they  are  at  first  but  little  affected.  Falling  upon  a  soil  covered 
with  organic  matter,  there  can  be  no  doubt  but  that  this  nitric  acid  is 
quickly  reduced  to  ammonia;  but,  as  has  been  suggested  by  Julien,  it 
would  tend  even  in  this  case  to  form  organic  acids  of  higher  oxida- 
tion.J 

Muntz  and  Marcano  have  determined  from  two  years'  observations, 
embracing  121  rainfalls  in  1883-'84-'85,  the  amount  of  nitric  acid  con- 
tained in  the  rain-water  at  Caracas,  Venezuela.  §  These  are  the  only 
determinations  made  in  the  tropical  part  of  South  America  of  which  I 
have  any  knowledge.  The  climatic  conditions  at  Caracas,  Venezuela, 
seem  to  make  the  observations  at  that  point  readily  available  for  Brazil, 
for  Muntz  and  Marcano  remark  that  "  the  climate  is  characterized  by  a 
temperature  that  varies  but  little,  by  the  unequal  distribution  of  the  rains 
and  by  the  violence  and  frequency  of  storms.'*  The  determinations  from 
19  rainfalls  at  Saint  Denis,  Bourbon  island,  are  especially  interesting,  as 

*So  far  as  I  know,  the  first  suggestion  of  the  influence  of  nitrio  acid  in  rock  decomposition  in 
the  tropics  was  made  by  Heusser  and  Claras  in  their  article  upon  the  Gisement  et  exploitation  do 
diamant  dans  la  province  Minas  Geraes  au  Br^sil.  Annates  des  Mines,  6me  s6r ,  xrii,  I860,p.ttl; 
also  Zeitschrift  der  Deutchen  Geol.  Gesell.,  xi,  p.  448.  . 

t  Muntz  and  Aubin  say  that  carbonic  acid  is  also  produced  by  electric  discharges  (Comptes 
RenduR,  99, 1884,  pp.  871-674),  but  the  amount  of  carbonic  acid  brought  down  by  ralo  was  accepted 
from  the  determinations  regardless  of  the  method  of  Ite  formation.  It  is  possible,  however,  tbtt 
the  electric  discharges  make  a  perceptible  difference  in  the  carbonic  acid,  and  that  the  amount 
thus  produced  in  the  tropics  will  necessarily  be  greater  than  in  temperate  regions. 

X  Proceedings  Amer.  Assoc.  Adr.  Sci.,  1879,  p.  327.  Ammonia  salts  also  hasten  mineral  solution. 
Johnson's  How  Crops  Feed,  pp.  139-140. 

fComptes  Rendus.  108, 1889,  pp.  1062-1064. 
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that  place  is  about  the  same  latitude  as  Rio  de  Janeiro.  These  deter- 
minations seem  to  show  that  much  more  nitric  acid  falls  in  the  tropics 
than  in  temperate  r^ons.  This  may  readily  be  seen  by  making  a  com- 
parison of  the  following  statements  of  determinations  made  in  several 
localities : 

DderminaHona  of  NUric  Acid  {HNO^)  in  Rainfall, 


Station. 


Caracas,  Venezuela 

Saint  Denis,  Bourbon  island. . . 

Sourabois,  Java 

Lincoln,  New  Zealand. . . 

Tokio,  Japan 

Pic  du  Midi,  Pyrenees 

Sothamsted,  England 

Manhattan,  Kansas 

Liebfhiuenberg,  Alsace 


Nitric  acid  (milligrams 
per  liter  of  rain-water). 


2.23  (mean) 

2.67  (mean) 

2.3-2.87 

0,578 

0.327 

trace  only 

.670,  mean  for  1  year  . 

.702,  mean  for  3  years. 

.180 


Authorities. 


Muntz  and  Marcano  f  1). 
Muntz  and  Marcano  (10- 
Homans  (V), 
G.  Gray  (2). 
Kellner  (2). 
Muntz  ana  Aubin  (3). 
R.  Warington  (4). 
Failyer,     Willard     and 

Breese  (5^. 
Boussingault  (6). 


The  determinations  of  nitric  acid  in  rain-water,  both  in  temperate  and 
tropical  r^ons,  show  that  the  amount  is  not  constant,  and  the  figures 
given  in  the  above  table  must  be  looked  upon  as  means  that  fluctuate 
greatly.  At  Caracas,  for  example,  a  maximum  of  16.25  was  reached  on 
one  occasion  and  on  another  a  minimum  of  0.20  milligrams  to  the  liter. 
The  amount  doubtless  varies  with  the  electrical  discharges,  as  Muntz  and 
Marcano  state.* 

(1)  Comptes  Benduii,  108,  pp.  t062-1064;  eleTation  of  Caracas  atation,  922  meters, 
(r)  Comptes  Rendus,  106,  p.  1062;  19  observatioas ;  maximum,  12.6;  minimum,  0.4. 
(r)  Annales  Agronomlques,  Paris,  x,  1884,  pp.  83,  84. 

(2)  Qaoied  from  Warington.    Jour.  Chem.  Soo.,  rol.  It,  1889,  p.  648. 

(3)  Bur  la  nitrification  atmospberique.  Munts  et  Aubin.  Comptes  Rendus,  9ft,  1882,  pp.  919-921. 
In  6  rains,  8  fogs,  and  4  snows  they  found  "  almost  a  complete  absence  of  nitrates." 

(4)  The  Amount  of  Nitric  Add  in  the  Rainwater  at  Rothamsted.  R.  Warington.  Jour.  Ghem. 
fioe.,  vol.  It,  1869 ;  Transactions,  pp.  537-542.  Warington*s  mean  for  the  year  Is  glTen  as  0.139,  but 
hi«  figures  add  up  0.149.  I  haTe  used  the  latter.  I  baTe  regarded  the  nitrogen  as  nitrates,  for,  as 
Wsrlngton  says,  the  amount  of  nitrous  acid  is  "extremely  small  and  only  to  be  appreciated  by  the 
delicate  napthylamlne  test." 

For  other  determinations  see  Annates  Agronomlques,  1881,  vli,  pp.  429- 4M;  also  On  the  amount 
and  composition  of  the  rain  and  drainage  waters  collected  at  Rothamsted.  Lawes,  Gilbert  and 
Warington.  Jour.  Roy.  Agr.  Boc.  of  England,  2d  ser.,  vol.  xtH,  1881,  pp.  241-279;  pp.  311-350.  On 
PMe  808  the  nitrogen  is  giTen  for  9  other  stations.  See  also  Recherches  sur  Pexistence  et  le  role 
de  I'aclde  nitreax  dans  le  sol  arable.  Ch.  Chabrler.  Annales  de  Chimie  et  de  Physique,  4me  s6r., 
1871,  ziiii,  pp.  161-193. 

(5)  Ammonia  and  nitric  acid  in  atmospheric  waters.  Second  Annual  Report  Experiment  Station 
K&nsas  Agricultural  College  for  1889.  Topeka,  1890,  pp.  123-132;  Trans.  Kansas  Acad.  Sol.,  toI.  xii, 
ltt9-'90,  pp.  21-24. 

(6)  Quoted  from  Muntz  and  Marcano.    Comptes  Rendus,  108,  p.  1063. 
*  Comptes  Rendus,  108,  p.  1062. 
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Accepting  the  means  here  given  as  being  as  near  the  truth  as  we  can 
get  with  the  available  data,  the  amount  of  nitric  acid  brought  down  by 
rains  in  Brazil  can  be  determined  approximately  from  the  rainfall. 

Taking  the  precipitation  tabulated  below  and  accepting  the  deter- 
mination of  nitric  acid  for  Caracas  as  the  one  most  likely  to  be  the  cor- 
rect one  for  Brazil,  we  should  have  for  the  year  the  amounts  given  in 
the  second  column  of  the  table. 

IbtcU  Nitric  Add  (HNOs)free  and  in  Ammonia  in  mean  Rainfall  in  Brazil, 


Station. 


Rainfall  (in 
millime- 
ters). 


Bio  de  Janeiro 

Santos,  S.  Paulo... 

AltodaSerra 

Sfto  Paulo 

Alto  Parnahyba. . . 

UberAba 

Morro,  Velho 

Gongo  Soco 

Itabira 

Queluz 

Mandus,  Amazonas 

Pard 

Ceard 

Pernambuco 

Victoria 

Colonia  Isabel 

8.  Bento  das  La^es. 
Bahia 


974.6 
2,503.0 
3,576.7 
1,494.1 

965.6 
1,560.8 
1,637.0 
2,939.3 
1,303.5 
1,453.1 
2,340.4 
1,788.7 
1,491.5 
2,971.7 
1,050.5 
1,037.0 
2,179.5 
2,394.8 


Nitric  acid 

(HNOg) 
(in  millime- 
ters). 


.00142 
.0a365 
.00521 
.00218 
.00141 
.00227 
.00238 
.00428 
.00189 
.00212 
.00341 
.00261 
.00217 
.00433 
.00153 
.00151 
.00318 
.00349 


Nitric  acid 
(UNO,) 
from  ammo- 
nia in  rain 

water 
(in  millime- 
ters). 

.00444 
.01141 
.01630 
.00681 
.00440 
.00711 
.00746 
.01339 
.00594 
.00662 
.01067 
.00815 
.00679 
.01354 
.00478 
.00472 
.00993 
.01091 


Total 

nitric  acid 

(HNO.) 

(in  milliine> 

ters). 


.Oa5S6 
.01506 
.02151 
.00899 
.00580 
.00938 
.00984 
.01767 
.00783 
.00874 
.01408 
.01076 
.00896 
.01787 
.00631 
.00623 
.01311 
.014iO 


Determinations  have  been  made  at  several  places  in  the  world  of  the 
amount  of  ammonia  brought  to  the  earth  in  rain  water.  This  ammonia 
must  also  be  counted  among  the  indirect  agencies  of  rock  decomposition, 
though  it  is  perhaps  no  more  important  in  Brazil  than  elsewhere,  except 
in  so  far  as  the  amount  is  greater,  as  shown  by  Muntz  and  Marcano,  and 
as  the  warm  climate  may  increase  its  activity.  Warington  has  shown 
that  all  nitrogenous  substances  which  yield  ammonia  are  nitrifiable.^ 
Ammonia  in  contact  with  organic  matter  is  soon  converted  into  nitric 
and  nitrous  acids.  In  water  analyses,  for  instance,  it  is  understood  that 
waters  which  give  ammonia  when  fresh,  yield  only  nitric  and  nitrous 


*  Jour.  Chem.  Soo.,  London,  vol.  zlv,  p.  663. 
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acids  after  standing  for  some  time.    Nitrification  takes  place  principally 
if  not  exclusively  in  the  surface  soil.* 

In  order  to  estimate  the  nitric  acid  in  the  ammonia  falling  in  rain  in 
Brazil  we  are  compelled  to  get  our  ideas  of  the  amount  in  the  rain-water 
from  the  determinations  of  Muntz  and  Marcano  at  Caracas,  Venezuela. 
The  total  ammonia  falling  in  the  rain  at  that  place  on  being  oxidized  to 
nitric  acid  amounts  to  6.975  milligrams  of  nitric  acid  to  the  liter  of  rain- 

water.f 

Thus  the  table  on  page  308  gives  the  total  depth  of  nitric  acid  fall- 
ing in  tlie  rains  in  Brazil,  both  in  the  form  of  ammonia  and  as  nitric 
acid. 

RAINFALL. 

It  is  evident  that  the  rainfall  must  be  an  important  factor  in  all  this 
rock  decomposition ;  both  the  amount  and  the  time  distribution  are  im- 
portant elements.  At  one  of  the  stations  from  which  we  have  a  record — 
that  of  the  Alto  da  Serra  do  Cubatao,  where  the  Santos  k  Jundiahy  rail- 
way crosses  the  Serra  between  Santos  and  Sfto  Paulo — an  average  for 
15  years  gives  a  rainfall  of  3,576.7  millimeters  (140.81  inches,  or  more  than 
11  feet),  and  from  this  extreme  it  declines  to  about  50  inches.  Moreover, 
the  rainfall  is  very  unevenly  distributed  throughout  the  year,  most  of  the 
precipitation  occurring  in  three  or  four  months.  This  same  precipita- 
tion, large  as  it  is,  if  more  evenly  distributed  throughout  the  year  would 
do  only  a  fraction  of  the  eroding  that  it  does  when  thus  poured  in  torrents 
upon  the  earth.J 

The  year  is  roughly  divided  by  the  people  into  the  two  seasons  which 
are  known  as  the  sunny  weather  (tenvpo  de  sol)  and  rainy  weather  (tempo 
de  chuvd).  The  tempo  de  sol  is  the  time  of  cool  weather  in  that  country — 
usually  the  months  of  May,  June,  July,  August  and  September — the  sol 
referring  not  to  the  heat,  but  to  the  continuity  of  the  sunshine.  The 
rainy  season  is  the  hot  part  of  the  year,  and  this  is  a  point  to  be  borne 
in  mind,  for  the  rains  alternating  with  hot  sunshine,  the  waters  faU  upon 
hot  rocks  or  soils  and  their  chemical  activity  is  greatly  increased  by  this 
increase  of  temperature. 

The  concentration  of  the  rainfall  in  a  few  months  of  the  year  is  a  con- 
stant feature  of  the  Brazilian  climate,  although  it  often  varies  consider- 
ably from  one  year  to  another — that  is  to  say,  November  may  be  a  very 
rainy  month  one  year  and  comparatively  little  rain  may  fall  the  foUow- 

*  Warington :  Jour.  Chero.  Soc,  vol.  li,  p.  118. 
fComptes  Renduft,  1891,  cxHi,  p.  780. 

I  Lake  BonnevilleJ    G.  K.  Gilbert.    Monograph  I,  U.  S.  Geol.  Survey,  pp.  41, 42.    This  principle  is 
employed  in  the  process  of  gold  washing  known  as  **  booming.*' 


310  J.  C.  BRANNER — DECOMPOSITION   OF  ROCKS   IN   BRAZIL. 

ing  November,  and  this  may  be  true  not  only  of  one  but  of  several  of 
the  months. 

Traveling  in  the  interior  of  the  country  at  certain  seasons  of  the  year, 
one  is  impressed  by  the  dry  beds  of  what  are,  at  other  times,  large  rivers. 
This  is  especially  striking  in  the  northeastern  part  of  Brazil,  through  the 
interior  of  Bahia,  Pernambuco,  Parahyba,  Rio  Grande  do  Norte,  Ceariu 
and  Piauhy.  Streams  that  are  at  one  season  large  enough  to  float  an 
ocean  steamer  and  from  a  hundred  to  two  or  three  hundred  miles  in 
length,  often,  toward  the  end  of  the  dry  season,  are  reduced  to  a  series  of 
pools  or  to  a  line  of  hot  white  sand.  This  fact  is  so  well  known  that  it 
is  scarcely  necessary  to  do  more  than  mention  it  here,  and  the  statement 
is  not  intended  to  apply  to  years  of  drouth,  but  to  the  average  condition 
of  the  region  in  question. 

In  Bahia,  in  the  month  of  May,  Spix  and  Martins  found  the  Rio  do 
Peixe  and  the  Rio  Itapicur6,  which  is  over  200  miles  in  length,  only  a 
string  of  pools.  * 

Bardo  Homem  de  Mello,  who  was  better  acquainted  with  the  physical 
geography  of  Brazil  than  any  one  else,  says,  in  speaking  of  the  plains  of 
Cear& :  f 

''  Durinfi;  this  period  (the  dry  Bsason)  the  beds  of  streams,  here  improperiy  called 
rivers,  dry  up  entirely.  In  this  province,  however,  these  are  nothing  more  than 
channels  or  courses  of  torrential  wateru  during  the  rainy  season.  Thus  I  crossed 
today  the  perfectly  dry  beds  of  the  Bahii  and  Guayuba  between  Acarape  and  Paca- 
tdba.  Along  the  large  streams,  such  as  the  Jaguaribe,  which  is  more  than  60O 
kilometers  long,  there  are  barely  a  few  pools  here  and  there,  the  water  ceasing  alto- 
gether to  flow/'  This  is  borne  out  by  Gardner,  who  e&ys  that  at  Ic6  the  Jaguaribe, 
'*  which  during  the  rains  is  of  considerable  size,  becomes  quite  dry''  in  the  dry 
season,  t 

In  the  Rio  Grande  do  Norte  Koster  found  the  Ceara  Merim  in  Novem- 
ber a  dry  bed  its  ^ntire  length  above  tidewater.  The  Rio  das  Paranhas, 
the  largest  stream  in  that  state  and  in  Parahyba  do  Norte  (250  miles  long) 
he  found  dry  at  A96,  near  its  mouth,  on  December  1,  but  on  recrossing  it 
two  weeks  later  he  found  it  overflowing  its  banks  and  "  two  to  three 
hundred  yards  in  breadth."  § 

Even  under  the  equator  the  rainfall  is  thus  unequally  distributed. 
There  are  dry  treeless  plains  at  many  places  along  the  Amazon.    Hartt. 

*  Relse  in  BrasiHen,  li,  p.  724. 

t  ExcursOeH  pelo  Cear&.    F.  I.  M.  Homem  de  Mello.    Revist.  do  InsU  Hist,  do  Brasil,  1872,  xxxr, 
pt.  2,  p.  85. 
t  Edin.  New  Phil.  Jour.,  April,  1841,  p.  76. 
2  TraTela  in  Brazil.    Henry  Koster.    2d  ed.,  London,  1817,  Yol.  i,  pp.  113, 147, 217. 
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speaking  of  the  dryness  of  the  climate  of  the  Amazon  valley,  says  that 
the  forests  of  the  Monte  Alegre,  Er6r6  district,  and  of  Santarem  bespeak 
" during  the  dry  season  a  very  dry  climate  and  a  fault  of  moisture."* 

My  own  observations  show  that  the  plains  north  and  northeast  of 
Macapa  are  so  dry  and  parched  during  a  large  part  of  the  year  that  trees 
grow  only  along  the  streams  or  in  other  favored  places. 

The  rains,  even  during  the  rainy  season,  have  a  decided  torrential  char- 
acter. Pompeo  de  Souza  mentions  a  rain  at  Ceard  in  1855  when  a  rain 
ga^e,  200  millimeters  deep,  overflowed,  f 

Using  Dr  Draenert's  table  of  mean  rainfalls,  compiled  from  all  the  data 
obtainable  at  the  time  of  its  publication,  in  1886,  we  find  that  the  pre- 
cipitation was  distributed  as  shown  in  the  following  table : 

Dialribution  ofRainfaU  by  Semester 8,% 


No.  of 
years. 


29 
15 
15 

4 

1 

8 
25 

2 

1 

li 

4 
4 
28 
8 
7 
6i 
5 


Rio  de  Japeiro 

Santos,  S.  Paulo 

Alto  da  Serra,  S.  Paulo 

Sao  Paulo 

Alto  Parnahyba 

Uberaba 

Morro  Velho,  Minas 

Gon^o  Sooo,  Minas 

Itabira,  Minas 

Queluz,  Minas 

Mangos,  Amazonas  { 

Pari 

Ceard 

Pernambuco 

Victoria,  Espirito Santo. . . 

Colonia  Isabel 

S.  Bento  das  Laf^es,  Bahia 
Bahia 


Rainfall  (in 
millime- 
ters). 

Six  rainy 

months 

(in  millime- 

Six   dry 

months 

(in  millime- 

ters). 

ters). 

974.6 

a32.9 

341.7 

2,503.0 

1,708.9 

794.1 

3,576.7 

2,289.5 

1,267.2 

1,494.1 

1,152.6 

341.5 

9ei5.6 

748.0 

217.6 

l,5r)0.8 

1,292.5 

268.3 

1,637.0 

1,457.0 

180.0 

2,939.3 

2,510.1 

429.2 

1,303.5 

1,120.8 

182.7 

1,453.1 

1,251.4 

201.7 

2,340.4 

1,675.9 

6(H.5 

1,788.7 

1,426.3 

362.4 

1,491.5 

1,347.4 

144.1 

2,971.7 

2,453.0 

518.7 

1,050.5 

779.4 

251.1 

1,037.0 

839.8 

197.2 

2,179.5 

1,562.4 

617.1 

2,394.8 

1,795.2 

599.6 

By  taking  shorter  periods — say  three  months-  this  contrast  comes  out 
still  more  strongly. 

*Bul.  BafTalo  Soc.  Nat  Hist.,  1874,  p.  227. 

t  Ensaio  Estatistico  da  Provlncia  do  Gear&.    Thomaz  Pompeo  de  Souza  Brasil.    i,  186.3,  p.  116. 

I  The  totals  are  taken  from  Dr  Draenert*s  VertheilunK  der  Regenmengen  in  Brasiiien.  Meteoro- 
iogbche  Zeitdchrift,  Sept.,  1886.  They  cover  a  longer  and  fuller  series  of  observations  than  that 
giren  by  Professor  Loomin.    Amer.  Jour.  Sci.,  vol.  xxt,  1883,  p.  3. 

|R«TiBta  do  Observatorio  do  Rio  de  Janeiro,  toI.  tI,  1801,  p.  1G9, 
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Maximum  and  Minimum  Rainfall  by  Trimesters. 


Stations. 


Rio  de  Janeiro 

Santos 

Alto  da  Serra 

Sao  Paulo 

Alto  Parnabyba  *  . . 

Uberaba 

Morro  Velbo 

Gon^o  Soco 

Itabira* 

Queluz , 

Mandiis,  Amazonas 

Pard 

CearA 

Pernambuco 

Victoria 

Colonia  Isabel 

S.  Bento  das  Lages 
Babia 


Maximum  rain- 
fall for  tbree 
months  (in 
millimeters). 


349.3 

1,006.2 

1,308.6 

810.7 

563.2 

840.9 

923.0 

1,715.5 

732.9 

943.9 

955.4 

871.6 

941.8 

1,682.5 

469.2 

492.4 

981.5 

1,156.3 


Minimum  niih 
fall  for  three 
months  (in 
millimetere). 


135.9 

360.7 

587.5 

111.9 

0.0 

68.0 

39.0 

109.4 

0.0 

53.8 

176.8 

128.7 

41.4 

106.7 

61.6 

64.6 

235.4 

256.7 


The  little  rain  that  falls  during  the  dry  months  is  not  enough  to  fill 
the  streams,  but  it  all  or  nearly  all  soaks  into  the  dry  ground  at  a  time 
when  it  is  highly  effective  as  a  chemical  agent.  The  effect  of  long  dry 
periods  upon  the  soil  should  not  be  overlooked.  In  many  places,  espe- 
cially in  the  clayey  lands  and  in  the  soils  derived  from  the  calcareous 
rocks  of  the  Cretaceous  belt,  great  cracks  open  the  soil  to  a  depth  of  from 
5  to  10  ffeet,  according  to  the  length  of  the  dry  season.  These  crevices 
admit  atmospheric  air  and  gases  readily  to  a  considerable  depth,  organic 
matter  is  constantly  falling  into  them,  and  when  rains  come  the  surface 
waters  penetrate  at  once  to  their  bottoms  and  fill  the  whole  upper  soil. 

It  is  worthy  of  note  that  so  far  as  our  defective  statistics  go  they  show 
that  the  rainfall  is  largest  along  the  east  coast  of  Brazil,  where  the  south- 
east air  currents  from  the  Atlantic  first  strike  the  continent.  This  region 
also  includes  the  principal  gneiss  and  granite  area  of  Brazil  and  the  re- 
gion of  decomposed  schists  and  shales  of  the  Minas  water-shed. 

Rate  of  Decomposition. 

No  data  are  at  hand  for  an  exact  determination  of  the  rate  of  rock  de- 
composition in  Brazil.  Some  of  the  oldest  gneiss  buildings  do  not 
exhibit  any  marked  evidences  of  decay,  while  others  are  clearly  soft- 


*  Observations  for  one  year  only. 
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ened  by  the  decay  of  the  feldspar.  It  is  doubtful,  however,  whether 
these  cases  of  the  decay  of  building  stones  can  be  taken  in  evidence. 
The  walls  and  buildings  first  constructed  of  gneiss  in  Brazil  were  in  all 
probability  made  of  rock  from  the  surface  or  from  near  the  surface,  and 
possibly  already  more  or  less  affected. 

The  most  marked  evidences  of  decay  are  along  the  joints  between  sep- 
arate blocks  in  some  of  the  old  buildings.  Here  there  is  often  a  round- 
ing off  of  the  corners  and  a  crumbling  of  the  mortar.  iDoorposts  and 
pillars  of  stone  are  sometimes  affected  at  the  bottom  and  not  at  the  top, 
due,  no  doubt,  to  the  greater  amount  of  organic  acids  and  moisture 
reaching  these  lower  points.  Such  cases,  however,  are  not  to  be  taken 
into  consideration  in  the  discussion  of  rocks  under  natural  conditions. 
It  is  certainly  true  that  the  agents  of  rock  decay  are  much  more  active  in 
Brazil  than  in  cooler  climates.  Caldcleugh  expressed  the  opinion  years 
ago  that  in  Europe  "  the  agents  of  destruction  are  feeble  compared  with 
those  of  a  tropical  country."* 

It  is  also  to  be  noted  that  waters  falling  upon  and  flowing  over  these 
bare  rocks  are,  to  begin  with,  unsaturated  and  therefore  have  greater 
dissolving  power  than  spring  or  stream  water. 

R&um£. 

1.  Decomposition  is  widespread  and  deep ;  depths  of  100  feet  are  com- 
mon ;  some  of  more  than  300  feet  are  known. 

2.  Land-slides  caused  by  deep  decay' are  abundant. 

3.  Decomposition  is  not  universal,  and  its  absence  is  especially  to  be 
noted  in  the  Cretaceous  and  Tertiary  areas. 

4.  Talus  slopes  are  rare. 

5.  Mountains  and  peaks  of  gneiss  and  granite  exfoliate  like  enormous 
Wulders  of  decomposition,  producing  a  characteristic  topography  which 
often  resembles  glaciated  surfaces  and  roches  mountonees. 

6.  The  fragments  of  nearly  all  the  massive  homogeneous  rocks  tend  to 
exfoliate. 

7.  Openly  exposed  blocks  of  massive  crystalline  rocks  sometimes 
weather  in  trenches  or  in  fluted  boulders. 

8.  Changes  of  temperature  cause  the  openly  exposed  rocks  to  crack 
and  to  exfoliate.  But  little  decomposition  is  caused  by  the  direct  action 
of  changes  of  temperature  in  Brazil,  but  they  open  crevices  in  the  rocks 
which  admit  moisture  and  acids — the  principal  agencies  of  rock  decay. 

9.  The  daily  range  of  temperature  sometimes  amounts  to  more  than 
100  degrees  Fahrenheit. 


*0a  the  geology  of  Rio  de  Janeiro.    Alexander  Caldcleugh.    Trans.  Geol.  Soc.,  2d  ser.,  vol.  11, 
IftS,  p.  00. 
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10.  An  important  factor  in  the  decomposition  of  the  rocks  is  thefaci 
that  the  rainy  season  is  the  hot  season,  and  the  waters  falling  U[)oii  hot 
rocks  have  their  temperatures  raised  to  about  140  degrees. 

11.  The  dark  color  of  the  rocks  increases  their  absorbing  and  radiatin;: 
power  and  consequently  the  range  of  temperatures  to  which  they  art 
subject. 

12.  The  unequal  expansion  and  contraction  of  minerals  with  changiii); 
temperatures  hasten  the  disint^ration  of  rock  surfaces. 

13.  The  mechanical  effects  of  changes  of  temperature,  however,  are 
surface  phenomena. 

14.  The  coarse  textured  rocks  seem  to  be  more  susceptible  to  decom- 
posing agencies  than  the  more  compact  ones. 

15.  Insects  living  in  the  ground,  especially  the  ants  and  termites,  con- 
tribute large  quantities  of  oi^nic  acids  to  rock  decomposition. 

16.  Plant  life  is  especially  rank,  and  both  growth  and  decay  are  more 
rapid  than  they  are  in  temperate  regions.  Plants  are  the  chief  source  of 
the  acids  which  attack  the  rocks  of  Brazil. 

17.  Carbonic  acid  is  also  brought  to  the  earth  in  large  quantities  by 
the  rains. 

IS.  Nitric  acid  is  produced  and  brought  down  by  the  rains  in  much 
larger  quantities  than  in  temperate  regions, 

19.  The  rainfall  of  Brazil  is  very  large,  ranging  from  974.6  millimeters 
at  Rio  de  Janeiro  to  3,576  millimeters  on  the  Serra  do  Mar,  in  the  state 
of  SAo  Paulo. 

20.  The  concentration  of  the  rainfall  renders  it  more  effective  both 
chemicallv  and  mechanicallv. 
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Introduction 


The  custom  has  been  established  which  requires  the  retiring  President 
of  this  Society,  as  other  societies  which  have  for  their  purpose  the  ad- 
vancement of  science,  to  set  forth  his  views  concerning  iriatters  related 
to  the  interests  which  the  association  seeks  to  promote.  This  custom 
evidently  rests  on  the  reasonable  presumption  that  the  officer  during 
his  term  of  service  has  been  led  by  his  duties  to  consider  how  the  cause 
which  he  represents  may  be  promoted,  how  its  store  of  truth  may  be 
enlarged,  and  in  what  manner  it  may  best  be  made  to  serve  the  interests 
of  mankind.  This  task  may  be  essayed  either  by  a  survey  of  the  work 
which  has  recently  been  accomplished  in  the  science,  with  appropriate 
comment  on  the  trends  and  results  of  the  endeavors,  or  the  essayist  may 
restrict  his  undertaking  to  some  one  portion  of  the  field  with  which  he 
is  conversant  in  the  hope  that  he  may  be  able  to  present  the  fruits  of 
his  own  labors  in  a  way  which  is  likely  to  be  profitable  to  others.  For 
various  reasons  I  have  chosen  the  latter  of  these  alternatives  and  have 
taken  for  my  subject  the  relations  of  geological  science  to  education. 
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Under  this  title  I  shall  not  only  include  those  questions  which  pertain 
to  pedagogy,  but  certain  larger  aspects  of  the  matter  which  relate  to  the 
needs  of  society,  both  from  the  moral  and  the  economic  point  of  view. 

Relationship  of  Teaching  and  Research  defined. 

I  have  been  in  good  part  led  to  take  up  this  subject  for  the  reasons  that 
the  title  itself  is  a  protest  against  the  modern  notion  that  the  work  of  re- 
search should  be  separated  from  that  of  teaching ;  that  natural  inquiry 
should  be  released  from  the  ancient  and  profitable  connection  with  eihi- 
cation  which  in  my  opinion  has  advanced  and  ennobled  both  these 
branches  of  learning.  Those  who  seek  to  have  inquiry  endowed  are  led 
to  the  endeavor  by  a  true  sense  of  the  importance  of  the  tasks  with  which 
the  path-seekers  in  the  fields  of  nature  have  to  deal.  They  are,  moreover, 
guided  to  their  object  by  the  motive  which  leads  to  the  division  of  labor 
in  all  work  which  men  do,  whether  in  economics  or  in  pure  learning. 
Undoubtedly  a  certain  kind  of  success  would  attend  the  complete  sepa- 
ration of  the  students  of  phenomena  from  those  whose  business  it  is  to 
impart  knowledge;  but  there  are  gains  which,  though  immediate,  are  not 
desirable,  for  the  reason  that  they  entail  in  the  long  run  serious  losses. 
It  may  well  be  apprehended  that  the  definite  separation  of  the  inquirers 
in  any  science  from  those  who  are  to  teach  the  leariiing  would  result  on 
the  one  hand  in  isolation  of  the  men  of  the  laboratory  from  the  Ufe  of 
their  time  and  on  the  other  to  a  degradation  of  the  instruction  to  a  level 
where  it  would  become  mere  formal  tutoring,  destitute  of  the  penetrating 
spirit  which  gives  value  to  scientific  thought. 

It  seems  to  me  that  the  explorer,  if  he  be  animated  by  the  true  spirit 
of  his  class,  finds  himself  seeking  for  undiscovered  realms,  not  for  personal 
gains,  nor,  indeed,  merely  to  add  to  the  store  of  things  known,  but  always 
with  reference  to  the  enlargement  of  mankind.  His  motive  is  in  the 
highest  sense  that  of  the  teacher ;  he  limits  his  opportunities  of  personal 
culture  if  he  denies  himself  the  chance  of  communicating  his  gains  to  the 
youth  of  his  time.  It  may  be  held  that  the  investigator  has  his  means 
of  teaching  through  the  press  and  the  learned  societies,  but  I  need  not 
tell  my  brethren  of  the  craft  that  the  opportunities  of  sympathetic  con- 
tact with  his  fellow-men  which  are  thus  to  be  had  are  very  limited ;  that 
they  are  quite  insufficient  to  satisfy  the  natural  desire  of  an  ardent  stu- 
dent of  nature  for  relations  with  the  life  about  him.  The  only  way  in 
which  a  really  wholesome  situation  can  be  found  for  the  naturalist  in  any 
of  the  realms  of  nature  is  to  link  his  work  with  the  tasks  of  education. 

Viewed  from  the  point  of  view  of  the  student  of  science,  who  has  to 
catch  the  spirit  of  inquiry  from  the  word  of  the  master  if  he  is  to  win  it 
at  all,  we  see  that  the  teaching  function  of  the  inquirer  is  of  the  utmost 
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importance  to  his  science.  We  all  recognize  and  deplore  the  evils  which 
arise  from  the  fact  that  young  people  have  to  be  introduced  to  most 
branches  of  learning  by  teachers  who  have  little  chance  to  gain  or  to 
preserve  the  spirit  of  inquiry.  We  can  at  most  hope  that  the  scientific 
motive  may  come  to  these  instructors  through  a  study  of  the  psychology 
which  properly  underlies  their  work.  It  is  unreasonable  to  suppose  that 
they  will  be  able  to  bring  to  their  work  the  stimulating  influence  of  those 
who  are  a  part  of  the  learning  they  convey.  Therefore  if  men  are  to  be 
bred  in  the  ways  of  the  naturalist,  the  task  must  be  done  by  investigators. 
It  goes,  or  should  go,  without  saying  that  while  these  men  may  give  and 
receive  profit  from  their  positions  as  teachers,  they  should  not  be  called 
on  to  do  the  share  of  this  work  which  is  often  inflicted  on  them,  as  it  is 
on  the  teaching  body  of  our  schools  in  general.  A  condition  of  this 
combination  of  inquiry  and  instruction  is  that  the  two  should  be  associ- 
ated so  as  to  give  the  men  of  science  leisure  for  their  studies  as  well  as 
an  opportunity  to  influence  youths  by  their  teachings. 

Interdependence  between  Research  and  Instruction  in  Geology. 

There  are  good  reasons  why  the  connection  between  research  and  in- 
struction should  be  preserved  in  geology,  even  if  it  be  abandoned  in  the 
case  of  the  other  sciences.  In  those  other  branches  of  natural  learning 
the  subject-matter  can  be  brought  into  the  laboratory,  or  at  least,  as  in 
the  case  of  astronomy,  be  in  some  measure  made  immediately  visible  to 
the  student,  but  in  geology  only  a  very  small  part  of  the  fact  can  be 
demonstrated  by  laboratory  means.  Even  where  the  teacher  finds  him- 
self in  a  field  which  is  rich  in  illustrations,  he  is  sure  to  lack  examples 
of  the  greater  part  of  the  important  facts  which  he  has  to  bring  to  the 
understanding  of  his  pupils.  Under  these  conditions  good  teaching  de- 
pends upon  the  development  of  the  inquiring  spirit  without  the  stimulus 
of  a  satisfactory  direct  contact  with  phenomena.  This  task  cannot  be 
accomplished  by  any  routine  methods  or  by  instructors  who  are  not 
true  men  of  science.  It  can  only  be  done  by  those  who  have  the  spirit 
of  the  invastigator  in  them,  who  know  the  range  of  fact  in  the  intimate 
and  personal  way  which  will  enable  them  to  arouse  the  constructive  im- 
aginations of  the  youth  to  the  task  of  picturing  the  unseen — a  task 
which  is  at  the  foundation  of  the  best  culture  which  science  has  to  give. 

A  capital  instance  of  what  can  be  done  by  a  teacher  who  is  also  an 
inquirer  is  afforded  by  the  work  of  Louis  Agassiz  in  extending  the  in- 
terest in  glacial  geology  in  this  country.  His  lectures  on  the  subject 
were  so  vivid,  they  so  effectively  presented  the  physiognomy  of  the  Swiss 
glaciers,  that  they  quickened  the  imaginations  of  the  dullest  persons. 
They  aroused  an  interest  in  the  matter  which  was  so  intense  and  on  the 
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whole  SO  well  informed  that  the  study  of  glacial  geology  in  the  larger 
sense  of  the  term  developed  more  rapidly  and  on  better  lines  i«  this 
country,  where  existing  ice  fields  are  lacking,  than  in  European  lands, 
where  examples  abound.  In  such  work  we  see  the  part  of  the  master 
in  instruction.  As  a  contrast  I  may  be  allowed  to  relate  a  story  which 
gives  us  a  notion  of  what  science  teaching  is  likely  to  become  when  it  is 
left  to  the  people  of  routine. 

•  The  professor  of  mineralogy  in  Harvard  University  one  day  observed 
two  young  women  examining  his  mineral  cabinet,  one  of  whom  was 
evidently  searching  for  some  particular  species.  Offering  his  help,  he 
found  that  the  object  of  her  quest  was  feldspar.  When  shown  the  min- 
eral she  seemed  very  much  interested  in  the  specimens,  expressing  her- 
self as  gratified  at  having  the  chance  to  see  and  touch  them.  The  pro- 
fessor asked  her  why  she  so  desired  to  see  the  particular  mineral.  The 
answer  was  that  for  some  years  she  had  been  obliged  to  teach  in  a  neigh- 
boring high  school,  among  other  things,  mineralogy  and  geology,  and  that 
the  word  feldspar  occurred  so  often  in  the  text-book  that  her  curiosity 
had  become  aroused  as  to  its  appearance. 

It  will,  of  course,  be  possible  to  give  the  routine  teachers  some  practi- 
cal knowledge  of  feldspar  and  of  the  other  matters  of  fact  with  which 
they  have  to  deal  in  their  text-book  work,  but  the  motive,  or  the  lack  of 
it,  which  is  indicated  by  the  incident  will  always  have  to  be  reckoned  on 
as  inseparable  from  the  mill-work  of  ordinary  schools.  So  far  as  geology 
is  concerned,  the  instruction  of  this  text-book  kind  which  may  be  essayed 
in  the  secondary  schools  is  quite  in  vain ;  its  only  effect  is  to  make  the 
youths  on  whom  it  is  inflicted  quite  unapproachable  by  the  teacher  who 
may  afterwards  undertake  to  introduce  them  to  geology.  All  of  us  who 
have  taught  in  colleges  know  the  youth  who  has  had  somebody's  *Vsix 
weeks  of  geology  "  rubbed  in  by  a  drudge  who,  if  required  to  do  so,  would 
in  a  like  way  have  applied  Sanscrit.  We  know  that  the  youth  who  has 
been  so  misused  is  in  most  cases,  provided  he  is  not  blessed  with  a  good 
capacity  for  escaping  the  influences  of  education,  utterly  unfit  for  our  uses. 
The  most  economical  thing  to  do,  in  the  large  sense  of  the  word,  is  to  give 
him  the  advice  which  the  elder  Agassiz  was  wont  to  give  to  those  of  his 
students  who  proved  impregnable  to  his  methods  of  instruction:  "Sir, 
you  better  go  into  business." 

Value  of  geological  Education  and  Methods  of  Transmission. 

comprehensive  character  of  oeoloot, 

Assuming,  as  we  needs  must,  that  as  geologists  it  is  our  duty  not  only 
to  extend  the  learning  of  the  science,  but  also  to  take  charge  of  its  dif- 
fusion among  the  people,  let  us  consider  in  general  the  value  of  good 
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which  we  have  to  deliver  and  the  manner  in  which  the  transmission  may- 
best  be  eflFected.  So  far,  doubtless  for  the  reason  that  geologists  are  un- 
commonly busy  people,  there  has  been  little  note  taken  of  the  importance 
of  the  store  of  the  science  to  society  or  the  way  in  which  the  knowledge 
should  be  handed  down.  We  have  been  content  to  harvest  and  have 
hardly  considered  the  work  of  cultivation ;  therefore  the  assessment 
which  I  am  about  to  give  will  doubtless  need  much  revision. 

In  the  first  place,  we  should  note  well  the  fact  that  geology  differs 
from  all  other  divisions  of  natural  learning  in  that  it  is  not  limited  to  a 
particular  group  of  facts  or  modes  of  energy,  but  is  in  a  way  concerned 
with  nearly  all  the  work  which  is  done  in  and  on  this  sphere.  We 
should,  perhaps,  except  human  affairs  ;  but  if  he  is  so  minded  the  geolo- 
gist may  make  good  his  claim  to  a  large  share  in  interpreting  that  group 
of  phenomena  also.  In  fact,  the  earth  lore  is  not  a  discrete  science  at 
all,  but  is  that  way  of  looking  at  the  operations  of  energy  in  the  physical, 
chemical  and  organic  series  which  introducea  the  elements  of  space  and 
time  into  the  considerations  and  which  furthermore  endeavors  to  trace 
the  combination  of  the  various  trends  of  action  in  the  stages  of  develop- 
ment of  the  earth.  It  is  in  the^e  peculiarities  of  geology  that  we  find 
the  basis  of  its  value  in  education  and  in  the  general  culture  of  society, 
which  it  is  the  aim  of  education  to  create.  It  should  be  in  its  province, 
as  it  is  clearly  in  its  power,  to  give  to  mankind  perspectives  which  will 
serve  vastly  to  enlarge  the  evident  field  of  human  action. 

All  observant  teachers  know  that  no  true  success  in  education  is  possi- 
ble until  we  contrive  an  awakening  of  the  youth  from  the  sleepy  accept- 
ance of  the  world  about  him.  To  rid  the  student  of  this  benumbing 
relic  of  the  bone  cave,  the  spirit  of  the  commonplace,  there  is  no  treat- 
ment so  effective  as  that  which  it  is  in  the  power  of  the  master  in  geology 
to  give.  The  story  of  the  ages  clearly  told,  with  a  constant  reference  of 
the  bearing  of  the  matter  on  the  appearance  and  the  fate  of  man,  will 
quicken  any  mind  that  ii^  at  all  fitted  to  profit  by  the  higher  education. 
Although  geology  can  hardly  be  said  as  yet  to  have  made  any  such  gen- 
eral impression  on  laymen  as  is  justified  by  the  body  of  truth  which  it 
has  to  deliver,  the  close  observer  may  notice  certain  important  changes 
in  the  state  of  the  public  mind  which  seem  clearly  to  have  been  due  to 
the  teachings  of  the  science.  While  many  things  go  into  the  making  of 
t'he  world's  judgments,  there  can  be  no  question  that  the  plain  truths 
concerning  the  antiquity  of  the  earth  and  the  series  of  events  which  have 
led  to  the  coming  of  mankind  have  in  this  generation  been  most  effective 
in  overturning  sectarian  bigotry  and  in  other  ways  enlarging  the  spirit 
of  all  educated  people. 
It  is  evident  that  the  main  contribution  which  geology  has  to  make  to 


320      N.  S.  SHALER — RELATIONS  OF  GEOLOGIC  SCIENCE  TO  EDUCATIOS. 

those  conceptions  which  may  enter  into  the  spirit  of  our  society  relates 
to  the  position  of  man ;  the  abstract  learning,  that  which  is  in  and  for 
itself,  is  for  those  who  have  the  professional  interest.  These  public 
values  of  the  science  are  of  two  diverse  kinds — on  the  one  hand  those 
which  pertain  to  intellectual  enlargement ;  on  the  other,  to  econoraic 
development.  Therefore  in  considering  our  duty  by  the  educational 
side  of  our  work  w^e  should  see  what  the  contributions  can  be  to  these  two 
modes  of  endeavor  and  how  they  should  be  presented.  First,  I  shall 
consider  the  limitations  of  that  work  which  may  be  regarded  as  distinctly 
pedagogic. 

DIVISIONS  OF  THE  SCIENCE. 

It  seems  to  me  necessary  distinctly  to  separate  the  body  of  the  instruc- 
tion which  is  to  be  given  in  geology  into  two  parts — that  which  is  appro- 
priate to  the  general  public  and  that  which,  though  "caviare  to  the 
general,"  fits  the  appetite  of  the  professional -minded.  We  are  indebted 
to  the  philosophical  pedagogue  Herbert  for  a  statement  of  the  self-evident 
proposition  that  interest  in  a  matter  must  exist  before  information  con- 
cerning it  can  be  profitably  communicated ;  therefore  in  our  teaching 
we  must  take  no  end  of  care  to  provide  this  foundation  for  the  attention. 
This  care  is  particularly  necessary  in  the  matters  of  geology,  for,  as  be- 
fore remarked,  the  facts  cannot  often  be  exhibited  in  the  experimental 
way  as  in  the  laboratories  of  chemistry  and  physics,  where  the  touch  of 
hand  or  the  sight  of  controlled  actions  establishes  a  personal  relation 
with  the  problems.  The  teacher  of  our  science  has  to  avail  himself  of 
certain  antecedent  motives  which  he  can  presume  to  exist  in  any  normal 
youth  which  may  provide  the  required  foundation  of  interest.  What  I 
have  to  say  on  this  point  is  the  result  of  nearly  a  third  of  a  century  of 
experience  in  teaching  geology,  and  is  based  on  work  which  has  been 
done  with  more  than  4.000  students.  The  basis  for  the  induction  is 
sufficiently  great  to  make  the  conclusions  of  value.  These  are  in  brief 
as  follows :  That  instruction  in  geology,  which  is  meant  for  those  who 
have  not  acquired  the  professional  motive,  must  find  its  basis  of  interest 
on  either  of  two  foundations — on  the  element  of  sympathy  with  all  which 
relates  to  the  fate  of  man  which  is  native  in  all  of  us,  or  on  the  love  of 
the  open  fields  which  every  youth  who  is  not  utterly  supercivilized  has 
as  a  birthright.  Each  of  those  interests  is  in  a  w^ay  priiiial,  both  maybe 
separately  reckoned  on  as  strong  in  nearly  all  youths  who  are  fitted  for 
the  higher  education. 

CLASS-ROOM  INSTRUCTION. 

To  make  use  of  the  motives  which  may  interest  the  beginner  in  geol- 
ogy my  experience  has  shown  that  the  first  thing  to  do  is  to  give  by  means 


CLASS-noOM   INSTRUCTION.  321 

of  familiar  lectures  a  general  acquaintance  with  those  series  of  actions 
which  show  the  long  continuous  operations  of  energy  in  the  orderly 
march  of  events,  taking  pains  at  each  convenient  opportunity — there  are 
many  such — to  note  how  these  processes  have  served  to  bring  about  the 
conditions  on  which  the  development  of  peoples  or  of  states  depends. 
Thus,  in  treating  of  volcanoes,  the  very  humanized  story  of  Vesuvius  or 
of  .^tna,  especially  the  dramatic  episode  of  the  death  of  Pliny  the  Elder, 
is  worth  much  to  the  teachers  for  the  reason  that  it  serves  to  bring  a 
sense  of  human  affairs  into  a  subject  which  for  lack  of  illustration  is 
apt  to  remain  remote  and  therefore  uninteresting.    The  fact  that  the 
story  of  these  volcanoes,  especially  that  of  Vesuvius,  is  inwoven  with  that 
of  men  forms  a  bond  between  the  mind  of  the  novice  and  an  order  of 
nature  which  would  otherwise  be  utterly  unrelated  to  him.    Again,  in 
treating  of  seashore  phenomena,  the  history  of  harbors  and  their  relation 
to  the  development  of  states,  affords  a  basis  on  which  to  rest  the  account 
of  coastline  work.    Yet  again,  in  the  matters  connected  with  the  forma- 
tion of  mineral  deposits,  which  from  the  nature  of  the  subject  are  apt 
to  be  somewhat  elusive,  it  is  easy  to  fix  the  attention  by  reference  to  the 
relation  of  those  stores  to  the  needs  of  man.    So,  indeed,  in  all  parts  of 
this  preliminary  work  of  awakening  and  developing  interest  in  his  sub- 
ject the  teacher  of  geology,  if  he  is  to  be  successful,  must  go  about  his 
task  on  the  supposition  that  he  has  to  extend  existing  interests  to  his 
field.    When  men  have  for  some  hundred  generations  appreciated  the 
earth  as  we  would  have  them  do  it,  the  process  of  selection  or  the  inher- 
itance of  acquired  characteristics  may  give  a  birthright  interest  in  the 
large  problems  of  geology ;  but  while  here  and  there  a  youth  may  be 
found  with  a  Hugh  Miller's  taste  for  the  science,  the  teacher  who  reckons 
ou  having  his  class  thus  inspired  will  fail  to  achieve  success. 

METHODS  OF  FIELD  TEACHING. 

As  soon  as  the  teacher  through  his  work  in  the  lecture-room  has  suc- 
ceeded in  extending  the  natural  inborn  interests  of  his  pupils  to  the 
problems  of  geology,  instruction  in  the  field  should  begin.  In  this  part 
of  the  work  there  is  need  of  a  great  change  in  the  methods  and  aims  of 
the  teaching.  While  in  the  lecture-room  the  conditions  require  the 
didactic  method  and  exclude  that  of  investigation,  the  reverse  is  the  case 
in  the  field.  When  I  first  essayed  peripatetic  teaching  I  made  the  grave 
mistake  in  endeavoring  to  lecture  with  the  phenomenon  as  a  text.  In 
time  I  found  that  the  fatigue  and  other  disturbing  conditions  of  the  open 
made  students  unable  to  profit  by  any  such  didactic  method,  and  that 
all  such  direct  instruction  should  be  done  while  they  were  in  the  more  re- 
ceptive conditions  of  the  house.    The* true  use  of  the  field  is  to  awaken 
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in  the  pupils  the  habit  of  seeking  for  themselves.  The  teacher  may  trust 
in  this  task  to  the  existence  of  an  observant  motive  in  men  which  is  at 
its  best  when  they  are  in  the  open  air.  All  of  us,  however  dull  we  may  be 
in  the  housed  state,  have  when  afield  a  discerning  humor  which  prompts 
us  to  learn  the  reasons  for  the  unexplained  occurrences  of  nature.  This 
precious  relic  of  the  savage  life,  of  the  original  motive  of  curiosity,  which 
has  been  the  source  of  man's  advance  on  the  most  of  his  intellectual  up- 
goings,  is  in  average  youths  strong;  it  reqilires  the  deadening  effects  of 
a  long  and  misspent  life  to  eradicate  it  in  any  normal  human  being.  It 
is  fo  this  element  of  curiosity,  informed  by  the  preliminary  instruction 
of  the  lecture-room,  that  the  teacher  of  field  geology  should  mainly  trust 
for  his  success. 

In  practice  it  will  be  found  impossible  completely  to  exclude  didactic 
teaching  in  the  field — such  arbitrary  divisions  of  methods  are  generally 
impracticable — but  when  in  face  of  an  exhibition  of  any  geological  phe- 
nomena, with  the  briefest  possible  preliminary,  designed  to  fix  the  atten- 
tion of  the  class  upon  the  facts,  the  teacher  should  at  once  become  a 
mere  questioner,  a  goad  to  arouse  the  men  to  a  like  interrogation  of  the 
things  they  see.  It  is  important  that  the  first  problems  of  interpretation 
which  are  essayed  should  be  of  the  simplest  order,  for  immediately  suc- 
cessful work  in  the  unaccustomed  harness  is  much  to  be  desired.  Thus 
the  determination  of  strikes  and  dips,  the  identification  of  visible  faults, 
and  above  all,  the  careful  recording  of  such  facts,  should  come  first 
and  the  work  be  carried  to  distinct  success  before  any  effort  is  made  to 
use  the  results  in  the  larger  interpretations  as  to  the  attitudes  of  strata. 
In  my  experience  it  is  most  desirable  in  the  early  part  of  the  field  train- 
ing to  give  all  that  can  be  obtained  in  the  way  of  work  which  relates  to 
causes  of  action,  and  thus,  for  the  reason  that  men,  however  great  their 
training  may  otherwise  be,  are  unlikely  to  conceive  the  earth  about  them 
as  a  realm  of  continuous  processes,  their  geology  is  thus  not  brought 
down  to  the  present  period.  The  beds  and  banks  of  the  streams,  the 
retreating  escarpments,  the  shores  of  lakes  and  of  the  ocean — above  all 
the,  when  rightly  discerned,  majestic  phenomena  of  the  soil — all  may 
serve  to  impress  the  pupil  with  the  activity  of  the  earth,  and  thus  clear 
his  mind  of  the  natural  but  blinding  conception  that  after  its  creation 
time  the  sphere  entered  on  an  enduring  rest.         ^ 

DIFFICULTIES  ENCOUNTERED  IN  FIELD  TEACHING. 

In  my  experience  the  difficulties  which  have  to  be  met  in  field  teach- 
ing, apart  from  the  hard  labor  involved  in  the  simultaneous  exercise  of 
mind  and  body,  consists  in  the  struggle  which  the  instructor  has  to  make 
with  the  incapacities  which  arise  from  the  supercivilization  of  his  pupils. 
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These  hindrances  are  protean  in  form,  but  they  are  most  commonly  to 
be  found  in  an  inability  to  think  in  three  dimensions  any  better  than  we 
can  in  four,  and  an  incapacity  to  continue  any  work  when  alone.  As  to 
the  first  of  these  defects  there  seems  to  be  no  resource  except  to  re\dve 
the  natural  dimensional  sense  which  primitive  peoples  have.  If  the 
student  has  had  sound  training  in  solid  geometry  he  may  the  more 
quickly  recover  the  capacity  to  form  the  special  conceptions  which  are 
required  of  the  geologist ;  but  the  natural  solid  is  quite  another  thing 
from  the  ideal,  and  while  the  theoretical  view  of  them  is  the  same  the 
practical  experience  is  very  different.  Some  youths  never  learn  to  deal 
with  the  earth  problems  from  the  solid  point  of  view.  They  are  there- 
fore cut  off  from  the  better  uses  of  the  field ;  yet  even  with  this  signal 
disadvantage  they  may  do  good  work  in  certain  parts  of  the  science. 
One  of  the  most  distinguished  of  our  American  geologists,  now  dead,  was, 
perhaps  on  account  of  the  fact  that  he  saw  from  but  one  eye,  quite  with- 
out the  sense  of  the  relations  of  the  solid ;  yet,  while  in  the  field-work  his 
success  as  measured  by  his  talent  was  limited,  his  contributions  in  other 
departments  were  great  and  of  enduring  value.  Nevertheless,  though  the 
people  who  abide  in  two  dimensional  spaces  may  possess  abilities  of  a 
high  order,  they  should  be  kept  out  of  the  science  which  more  than  any 
other  calls  for  the  ability  to  frame  three  dimensional  conceptions. 

An  inability  to  work  alone  in  the  field  is  a  rather  common  and  in  my 
experience  an  incurable  defect  in  certain  students  who  would  otherwise 
be  fitted  for  geology.  Those  who  are  thus  afflicted  appear  to  lose  their 
motive  of  inquiry  when  they  are  parted  from  their  fellow-men.  Their 
malady  is  to  be  regarded  as  one  of  the  many  defects  of  body  and  mind 
which  are  due  to  over-housing — to  that  absolute  separation  from  the  peace 
of  the  wilderness  which  characterizes  our  city  life. 

As  soon  as  possible  the  field  student  should  be  brought  to  the  point 

where  he  is  required  to  make  his  own  maps,  at  first  as  sketches,  and  then 

in  the  more  formal  way  by  pacing,  with  some  methodical  control,  such 

as  by  a  simple  triangulation.    One  piece  of  such  map-work  where  the 

delineation  of  the  surface  in  general  ground  plan  and  contour,  as  well  as 

the  geological  coloring,  is  from  his  own  labor  will  often  be  suflScient  to 

affirm  the  working  power  of  the  man.    In  the  ideal  of  the  system  duch 

instruction  should  come  to  every  student  who  undertakes  the  study  of 

geology,  but  in  practice  it  will  probably  be  gained  by  very  few.    In  the 

department  of  Harvard  University  which  is  devoted  to  the  science  about 

300  men  each  year  enter  on  the  elementary  work.    Of  these  not  more 

than  the  eighth  part  continues  the  study  to  the  point  where  they  may 

begin  to  do  work  which  may  be  r^arded  as  independent ;  yet  fewer  essay 

the  training  which  looks  forward  to  a  professional  career.    As  this  de- 
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partment  has  been  long  established  and  is  favorably  conditioned  to  give 
instruction,  the  lack  of  a  large  attendance  under  a  system  of  free  election 
by  students  may  be  taken  as  an  indication  that  while  the  elementary 
didactic  presentation  of  the  science  attracts  the  greater  number  of  the 
youths  of  our  colleges,  the  higher  branches  are  less  attractive  than  the 
other  similarly  difficult  work  of  the  indoor  learning.  The  conclusion  is 
that  geology  in  the  larger  sense  of  the  term  is,  at  least  in  the  present  con- 
dition of  culture,  an  interest  for  a  few  chosen  spirits  who  are  so  fortunate 
as  to  be  bom  with  a  share  of  the  world  sense,  or  at  least  with  an  aptitude 
for  studies  which  demands  a  measure  of  the  primitive  man  which  is  not 
to  be  found  in  the  most  of  our  supercivilized  folk. 

UNDBSIRABILJTr  OF  TBACHINQ  GSOLOOT  TOJMMATURB  STUDBNT8. 

In  the  demand  which  is  now  made  for  a  beginning  of  all  our  sciences 
in  the  secondary  schools  it  is  proposed  to  include  geology  in  the  list  and 
to  set  boys  and  girls  of  from  fourteen  to  seventeen  years  of  age  at  work 
upon  the  elementary  work  of  the  learning.  For  my  own  part,  while  it 
seems  to  me  that  some  general  notions  concerning  the  history  of  the  earth 
may  very  well  be  given  to  children,  and  this  as  information,  it  is  futile 
to  essay  any  study  in  this  science  which  is  intended  to  make  avail  of 
its  larger  educative  influences  with  immature  youths.  The  educative 
value  of  geology  depends  upon  an  ability  to  deal  with  the  large  concep- 
tions of  space,  time  and  the  series  of  developments  of  energy  which  can 
only  be  compassed  by  mature  minds.  Immature  youths,  even  if  they 
intend  to  win  the  utmost  profit  from  geology,  would  be  better  occupied 
in  studying  the  elementary  tangible  facts  of  those  sciences  such  as  chem- 
istry, physics  or  biology,  sciences  which  in  their  synthesis  constitute 
geology,  rather  than  in  a  vain  endeavor  to  deal  in  an  immediate  way  with 
a  learning  which  in  a  good  measure  to  be  profitable  has  to  be  approached 
with  a  well  developed  mind.  The  very  fact  that  any  considerable  geo- 
logical problem  is  likely  to  involve  in  its  discussion  some  knowledge  of 
physics,  chemistry,  zoology  and  botany  is  sufficient  reason  for  postponing 
the  study  until  the  pupil  is  nearly  adult. 

Expert  Work  and  its  Influence  and  Requirements. 

Besides  the  relations  to  society  which  may  be  established  by  his  posi- 
tion as  a  teacher,  the  geologist  is  from  the  character  of  his  studies 
much  called  on  for  another  kind  of  help,  that  which  pertains  to  the  de- 
velopment of  earth  resources  or  to  the  litigation  which  concerns  earth 
values.    In  this  field  the  relations  are  more  critical  and  more  perplexing 
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than  in  that  of  instruction.  The  results  of  blundering  are  more  appar- 
ent and  their  immediate  effect  on  the  reputation  of  the  science  more 
unhappy.  That  this  branch  of  learning  has  managed  to  retain  a  fair 
place  in  the  esteem  of  the  public  in  face  of  the  criminal  blunders  which 
its  prophets  have  made  is  indeed  remarkable.  It  shows  how  much  our 
people  are  disposed  to  pardon  where  they  believe  that  men  mean  well, 
however  ill  may  they  do.  There  is,  however,  a  lesson  from  this  unhappy 
experience  which  we  should  all  read  and  inwardly  digest.  This  is  in 
effect  that  what  is  called  expert  work  demands  other  qualities  of  mind 
and  another  training  than  those  which  go  to  make  a  successful  investi- 
gator or  teacher.  We,  as  well  as  the  general  public,  need  to  recognize 
that  fact,  that  there  is  as  much  reason  to  suppose  that  a  noted  teacher 
of  political  economy  should  prove  successful  in  determining  the  merits 
of  a  proposed  business  project  as  that  his  colleague  in  geology  should  be 
fit  to  advise  in  r^ard  to  a  mining  venture.  The  teacher  may  be  an  ex- 
pert in  the  economics  of  the  profession,  but  the  proof  of  the  fact  is  not 
to  be  found  in  his  scientific  work  or  in  his  success  as  an  instructor.  If 
he  has  not  had  the  other  training,  it  may  be  safely  assumed  that  he  will 
be  totally  unfitted  to  wrestle  with  the  tricky  fellows  who  try  in  amaz- 
ingly varied  ways  to  deceive  him,  or  even  with  the  tendencies  of  his  own 
mind,  which  naturally  lead  him  to  see  riches  where  others  fancy  they 
discern  them. 

In  the  interests  of  our  science  it  is  most  desirable  that  all  expert  work 
should  pass  into  the  hands  of  a  body  of  men  who  should  bring  to  their 
task  so  much  of  geology  as  is  needed  for  the  particular  inquiry,  com- 
monly not  very  much,  and  who  can  join  with  it  the  more  important 
practical  acquaintance  with  the  miner's  art  and  the  conditions  of  trade 
which  relate  thereto.  In  certain  cases  the  men  of  theory  may  well  serve 
these  experts ;  all  their  inquiries  are  likely  to  be  of  service  in  the  deter- 
minations, but  on  them  should  not  be  the  responsibility  for  the  business 
side  of  the  problems.  There  is  little  the  geologist  does  in  the  way  of 
research  which  may  not  have  some  practical  application  to  the  affairs  of 
men,  but  he  should  not  mistake  this  possibility  of  usefulness  as  an  indi- 
cation that  it  is  for  him  to  give  his  inquiries  an  economic  turn. 

Conclusion. 

We  thus  see  that  geological  science,  like  the  most  of  the  other  branches 
of  natural  learning,  has  two  distinct  points  of  contact  with  society — that 
of  instruction  and  that  of  economic  affairs.  In  each  of  these  fields  of 
usefulness  its  services  to  man  have  been  great  and  are  to  be  far  greater 
in  the  time  to  come.    As  for  instruction,  the  task  is  to  give  to  men  an 
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adequate  perspective  for  their  lives.  It  is  to  ennoble  our  existence  by 
showing  how  it  rests  upon  the  order  of  the  ages.  In  the  economic  field 
it  is  to  show  the  resources  which  these  ages  have  accumulated  in  the 
earth  for  the  service  of  the  enlarged  man,  who  is  to  attain  his  possibili- 
ties by  a  full  understanding  of  his  place  in  nature.  To  do  the  fit  work 
we  need  to  combine  the  functions  of  explorers  and  guides  zealous  to 
open  the  way  to  the  unknown,  and  those  of  teachers  who  take  care  that 
the  youth  of  our  time  are  led  into  the  land  which  we  know  to  have  so 
much  promise  for  man. 
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The  Cuyahoga  Valley. 
extent  of  the  drainage  basin. 

The  highest  springs  of  the  Cuyahoga  drainage  basin  are  in  northeastern 
Geauga  county,  in  northeastern  Ohio,  about  fifteen  miles  south  of  the 
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shore  of  lake  Erie.  Thence  the  Cuyahoga  river  flows  first  about  forty 
miles  south  westward  to  its  great  bend  close  north  of  Akron,  there  turn- 
ing to  a  general  course  slightly  west  of  north  which  it  holds  through  it< 
lower  thirty  miles,  entering  lake  Erie  after  passing  through  the  central 
part  of  the  city  of  Cleveland.  This  paper  considers  chiefly  the  last  four 
miles  of  the  Cuyahoga  valley  which  are  comprised  within  the  limits  of 
Cleveland.  The  level  of  the  river  in  its  stage  of  low  water  along  this  dis- 
tance, from  the  junction  of  Big  creek  to  its  mouth,  is  the  same  as  lake 
Erie,  or  differs  only  by  a  descent  of  1  or  2  feet.  Along  all  the  south-to- 
north  part  of  the  river  it  flows  now  in  its  preglacial  valley,  whith  has 
much  drift  beneath  the  stream. 

PREOLACIAL  WIDTH  AND  DEPTH. 

Where  the  Cuyahoga  river  enters  the  county  of  this  name,  at  a  distance 
of  about  thirteen  miles  from  its  mouth,  the  rock  bottom  of  the  preglacial 
valley  is  known  by  wells  bored  for  oil,  according  to  Professor  J.  S.  New- 
berry in  the  reports  of  the  Geological  Survey  of  Ohio,  to  be  220  feet  below 
the  present  river,  or  approximately  175  feet  below  the  level  of  lake  Erie, 
Again,  at  the  junction  of  Kingsbury  run  in  Cleveland,  two  and  a  quarter 
miles  from  the  mouth  of  the  river,  a  well  bored  by  the  Standard  Oil  Com- 
pany penetrated  238  feet  of  drift,  to  the  depth  of  228  feet  below  the  river 
and  lake,  and  18  feet  below  the  bottom  of  the  lake  at  its  deepest  place, 
before  entering  the  bed-rock.  During  preglacial  times  the  Cuyahosa 
here  eroded  a  valley  twice  as  deep  as  that  which  it  now  has,  with  a  width 
nearly  the  same  as  now — that  is,  about  one  mile,  excepting  within  the 
five  miles  next  to  the  present  lake  Erie,  where  the  old  valley  expanded 
gradually  to  be  about  seven  miles  broad  before  its  bluffs  were  merged 
with  the  general  escarpment  south  of  the  great  lowland  which  now  is 
covered  by  the  lake. 

PARTIAL  FILLING  WITH  GLACIAL  DRIFT. 

The  section  of  the  drift  238  feet  deep  in  the  well  at  the  mouth  of  Kings- 
bury run  consisted  mainly  of  till  (called  **  blue  clay  "  by  Newberry),  with 
occasional  layers  or  seams  of  sand  and  gravel,  ranging  from  1  to  5  feet 
in  thickness.  The  till  here  also  reaches  in  the  bluffs  about  50  feet  above 
the  top  of  the  well,  giving  nearly  290  feet  as  the  whole  depth  of  the  glacial 
drift  deposited  in  this  broad  part  of  the  valley  near  its  opening  out  to  the 
plain  of  the  lake  basin.  At  the  shore  end  of  the  water-works  tunnel,  a 
mile  west  of  the  ])resent  mouth  of  the  river,  the  depth  of  drifl  to  the  bed- 
rock was  found  to  be  78  feet  below  the  lake  level ;  at  the  engine-house  of 
the  water  works,  about  a  half  mile  nearer  the  center  of  the  valley,  the 
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drift  reached  100  feet  below  that  level ;  and  at  the  crib,  one  and  a  quarter 
miles  offshore,  the  bottom  of  the  drift  was  found  at  the  depth  of  116  feet, 
the  water  of  the  lake  there  being  24  feet  deep.  Throughout  the  whole 
tunnel,  65  feet  below  the  lake  surface,  from  the  shaft  at  the  shore  to  the 
crib,  the  drift  was  a  compact  and  very  clayey  bluish  till,  containing  small 
rock  fragments  in  abundance,  mostly  derived  from  the  Erie  and  Huron 
shales  of  the  region  and  of  the  great  lake  basin  on  the  north,  but  holding 
only  very  rare  boulders  so  large  as  one  foot  in  diameter. 

Till  having  nearly  the  3ame  characters  was  also  tunneled  through  dur- 
ing the  summer  of  this  year  for  laying  a  large  water  main  beneath  the 
river  on  Clark  avenue,  nearly  a  mile  south  of  the  Kingsbury  run. 

The  axis  of  the  preglacial  valley,  doubtless  250  feet  deep  or  more  at 
the  lake  shore,  is  a  mile  or  more  east  of  the  present  river's  mouth,  and 
the  site  of  the  water- works  tunnel  is  on  the  somewhat  gradually  ascend- 
ing slope  of  the  rock  westward  from  the  preglacial  river  bed.  Two-thirds 
of  a  mile  farther  west,  in  Edgewater  park,  the  shale  rises  above  the  lake 
level,  and  thence  forms  the  precipitous  lake  shore,  40  to  50  feet  high, 
along  the  distance  of  six  miles  to  the  preglacial  valley  of  the  Rocky 
river. 

In  the  east  part  of  Edgewater  park  the  wave-eroded  shore  cliff  consists 
of  till  from  base  to  top,  about  40  feet  above  the  lake.  This  till,  like  that 
already  described  in  the  two  tunnels,  has  plentiful  fragments,  up  to  six 
inches  in  diameter,  of  the  Paleozoic  shales  and  of  Archean  crystalline 
schists,  the  latter  being  derived  from  Canada  by  glacial  transportation. 
Boulders  of  larger  size  are  rare  in  this  deposit.  The  effect  of  weathering 
is  seen  in  the  yellowish  gray  color  of  the  upper  10  feet  or  more,  but  the 
lower  part  has  the  same  dark  bluish  color  as  in  the  tunnels.  In  this 
clearly  displayed  and  freshly  undermined  shore  section  an  imperfect 
lamination  is  plainly  ob8er\'able  throughout  the  upper  part  of  the  till  to 
a  depth  of  15  feet  or  more,  indicating  that  so  much  of  the  gravelly  and 
stony  clay,  otherwise  typical  till,  was  laid  down  in  the  waters  of  the  lake 
when  it  stood  higher  than  now.  To  my  mind  this  lamination,  which  is 
an  almost  universal  feature  of  the  superficial  part  of  the  till  in  Cleveland 
up  to  the  highest  ancient  shore  lines,  seems  to  testify  that  at  least  the 
upper  15  to  20  feet  of  the  till  belonged  to  englacial  and  finally  super- 
glacial  drift.  If  this  part  had  been  a  subglacial  deposit,  amassed  when 
the  ice-sheet  reached  its  maximum  area  or  at  any  later  time  until  the 
recession  of  the  ice  border  past  this  vicinity,  it  could  not  have  received  so 
distinctive  lamination,  which  is  evidently  due  to  the  presence  of  water 
during  its  deposition,  as  of  the  lake  held  here  by  the  retreating  conti- 
nental glacier. 

This  laminated  upper  portion  of  the  till  within  the  ancient  lacustrine 
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area,  named  by  Logan  and  Newberry  the  "  Erie  clay,"  corresponds  fully 
with  the  upper  part,  to  about  the  same  depth,  of  the  smooth  expanse?  of 
till  within  the  areas  of  the  glacial  lakes  Minnesota  and  Agassiz,  held  l»y 
the  waning  ice  barrier  respectively  in  the  basins  of  the  Minnesota  river 
and  the  Red  river  of  the  North. 

DELTA   OP  MODIFIED  DRIFT  AND  ALLUVIUM. 

Flowing  from  a  reentrant  angle  of  the  departing  ice-sheet,  shown  l>y 
the  course  of  its  retreatal  moraines  as  traced  by  Mr  Frank  Leverett,  the 
head  stream  of  the  Cuyahoga  river  received  a  large  tribute  of  modified 
drift,  some  of  which  was  soon  laid  down  as  gravel  and  sand  along  the 
valley,  while  the  fine  sand  and  clay  were  borne  forward  to  the  Western 
Erie  glacial  lake,  standing  about  200  feet  above  the  present  lake  level,  and 
especially  to  the  ensuing  lake  Warren,  which  held  in  succession  three 
lower  levels.  With  the  modified  drift,  supplied  directly  from  the  ice 
melting,  this  river  and  its  tributaries  brought  also  much  alluvium  eroded 
from  their  channels  and  washed  from  the  general  surface  of  the  drift 
sheet. 

Only  scanty  delta  deposits  are  found  to  have  been  made  contain |K)- 
raneous  with  the  Leipsic  beach,  which  was  formed  by  the  Western  Erie 
lake.  During  the  time  of  that  beach  the  Cuyahoga  river  probably  de- 
posited nearly  all  its  modified  drift  and  alluvium  along  its  valley,  which 
appears  to  have  required  the  greater  part  of  that  time  to  become  filled 
along  its  south  to  north  portion  up  to  the  Leipsic  water  level.  Certain 
gravel  and  sand  beds,  however,  underlain  and  overlain  by  till  and  strati- 
fied clay  between  the  Forest  City  park  and  East  Clark  avenue,  to  be  de- 
scribed later  in  detail,  appear  to  be  sublacustrine  delta  beds  of  I^ipi^ic 
age. 

Contemporaneous  with  the  formation  of  the  Belmore  or  first  beach  of 
lake  Warren,  an  extensive  tract  of  fine  gravel  and  sand  was  spread  in  the 
lake  upon  the  southern  half  of  the  site  of  Cleveland.  At  this  time  the 
Cuyahoga  drainage  basin  was  clad  with  a  coniferous  forest,  from  which 
trunks  and  branches  of  cedar,  spruce,  and  pine,  as  determined  by  Whit- 
tlesey and  Newberry,  were  swept  by  the  river  floods  out  into  the  lake, 
sinking  waterlogged  to  the  lake  bed  of  till  three  to  five  miles  beyond  the 
mouth  of  the  river  as  it  was  during  that  stage  of  the  glacial  lake,  where 
now  they  are  encountered  at  the  base  of  the  later  delta  sand  in  the  northern 
part  of  the  city. 

During  the  stagas  of  lake  Warren  marked  by  the  lower  Woodland 
Avenue  and  Euclid  Avenue  beaches,  the  deposition  of  the  delta  continued, 
its  sand  and  silt  being  then  wholly  alluvium,  sujjplied  by  the  ordinary 


THE   CUYAHOGA    DELTA.  331 

erosion  of  rains,  rills,  larger  streams  and  the  Cuyahoga  itself  in  its  gradual 
reexcavation  of  the  valley  to  keep  pace  with  the  declining  levels  of  the 
lake,  or,  we  may  better  say,  with  the  progressive  elevation  of  the  land. 
This  northern  part  of  the  delta  covered  the  earlier  driftwood  and  mainly 
attained,  like  the  older  southern  part,  a  somewhat  uniform  depth  of  10 
to  20  feet,  overlying  the  till  and  sloping,  like  that  deposit,  from  south  to 
north — that  is,  toward  the  lake — at  a  varying  rate  of  25  to  50  feet  per 
mile. 

The  area  of  the  Cuyahoga  delta  thus  described  is  approximately  coex- 
tensive with  the  city  of  Cleveland.  It  lacks,  however,  about  two  miles 
from  reaching  to  the  city  limits  on  the  west,  being  there  bounded  by  a 
tract  of  till  which  is  a  continuation  of  the  same  topographic  plain.  On 
the  southeast  it  fails  of  extending  to  the  city  boundary  by  about  one  mile, 
being  succeeded  by  a  somewhat  rapidly  ascending  slope  of  till  with  rock 
beneath  at  no  great  depth,  from  Newburg  to  Kinsman  street,  beyond 
which,  northeastward,  the  rising  slope  of  till  and  rock  outside  of  the  delta 
and  within  the  city  limits  is  narrowed  to  a  third  or  half  of  a  mile  in  the 
vicinity  of  the  Western  Reserve  University.  Thence  the  delta  continues 
east  through  Glenville  and  Collin  wood,  as  extended  by  the  prevailing 
eastward  drift  of  the  old  glacial  lake  currents,  which  were  caused  by  the 
winds  to  run  like  those  of  the  present  lake  Erie  The  maximum  width 
of  the  delta  is  about  five  miles,  its  length  in  the  cit}'  of  Cleveland,  par- 
allel with  the  lake  shore,  is  eight  miles,  and  its  area,  so  far  as  it  lies  within 
the  city,  is  about  25  square  miles. 

Recent  undermining  of  the  shore  cliflf  by  wave  erosion  along  the  dis- 
tance of  nearly  a  mile  from  the  foot  of  Willson  avenue  east  to  Gordon 
park  exhibits  a  continuous  section  of  the  delta  sand,  yellowish  gray,  hori- 
zontally stratified,  15  to  20  feet  thick,  separated  by  a  definite  level  plane 
from  the  underlying  dark  bluish  till,  which  holds  abundant  gravel  and 
cobbles  up  to  3  or  4  inches  in  diameter,  and  occasionally  of  twice  or  three 
times  that  size,  while  larger  boulders  are  absent  or  exceedingly  rare.  The 
cliff  has  a  nearly  constant  height  of  35  feet  above  the  lake,  and  its  lower 
half  consists  of  this  till,  which  also  extends  to  much  greater  depth  beneath 
the  lake  level.  Through  all  the  extent  of  the  section  the  till  is  more  or 
less  clearly  laminated  from  its  top  down  to  the  shore,  and  in  many  places 
the  laminse  show  much  contortion,  although  mainly  they  are  horizontal. 
The  inclosed  stone  fragments  become  more  plentiful  downward,  but  the 
lamination  in  general  becomes  less  discernible  in  the  same  direction.  My 
observations,  as  thus  noted,  indicate  that  the  englacial  drift  here  was  not 
lesvs  than  15  or  20  feet  thick.  It  was  laid  down  as  the  laminated  till  in 
the  water  of  lake  Warren,  about  150  feet  deep.  As  no  interbedding  or 
blending  of  the  till  and  the  delta  sand  is  anywhere  seen,  it  appears  cer- 
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tain  that  the  delta  deposition  failed  to  extend  so  far  until  some  time  after 
the  ice  had  retreated. 

POSTGLACIAL  EROSION. 

Since  the  continuance  of  the  glacial  recession  withdrew  the  northeast 
barrier  of  lake  Warren,  permitting  that  lake  to  be  succeeded  by  lakes 
Algonquin  and  Lundy,  the  latter  in  a  little  time  sinking  to  the  small 
Champlain  representative  of  lake  Erie,  which  occupied  only  the  north- 
eastern part  of  the  present  lake  basin,  the  Cuyahoga  river,  outflowing 
across  many  miles  that  are  now  the  lake  bed,  to  the  early  diminutive 
Erie,  channeled  quickly  through  the  shallow  delta  and  deeply  into  the 
till.  The  resulting  crooked  valley  or  trough  has  a  width  of  one-third  of 
a  mile  to  one  mile  through  the  city  of  Cleveland,  and  is  bounded  by 
steep  bluflfe  on  each  side  which  rise  100  to  150  feet  (from  north  to  south) 
above  the  river  and  its  bottomland,  the  latter  being  5  to  15  feet  above 
the  river  and  partly  overflowed  by  its  spring  floods. 

The  river  meanders  along  the  flat  bottomland,  which  is  alluvium  de- 
posited by  the  stream  during  its  slow  uplift  while  the  differential  eleva- 
tion of  the  land  northeastward  has  caused  the  lake  to  extend  southwest- 
ward  and  to  rise  gradually  on  all  its  southern  shores.  The  alluvium 
earlier  carried  away  by  the  river  during  its  postglacial  erosion  was 
deposited  in  the  central  part  of  the  present  lake  area,  being  there  a  delta 
of  the  smaller  lake  Erie,  and  the  ensuing  work  of  the  river  has  been  the 
partial  refilling  of  the  deep  postglacial  channel.  In  this  process  horse- 
shoe-shaped moats  have  been  left,  cut  off"  from  the  former  winding  course 
of  the  stream ;  and  within  apparently  only  a  few  centuries  the  river  has 
repeatedly  changed  its  lower  course  and  its  mouths,  which  became  suc- 
cessively closed  by  the  bars  of  the  drifting  beach  shingle  and  sand.  An 
old  river  channel,  having  such  history,  reaches  a  mile  west  from  near 
the  present  mouth,  and  is  now  utilized  with  wharves  on  its  sides  for  lad- 
ing and  unlading  ships. 

Valleys  of  the  Rocky  River. 
relation  and  character  of  the  two  valleys. 

The  next  important  tributary  of  lake  Erie  west  of  the  Cuyahoga  is  the 
Rocky  river,  in  Rockport  township,  which  adjoins  Cleveland.  This 
stream  entirely  lost  its  valley  by  its  being  filled  with  drift  and  obliterated 
during  the  Ice  age.  We  have,  therefore,  in  this  case  two  valleys,  the 
preglacial  one,  with  its  very  interesting  drift  section  on  the  lake  shore, 
and  the  postglacial  wide  and  deep  gorge,  cut  in  the  Erie  shales. 
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The  latter  valley,  if  we  could  ascertain  its  average  rate  of  cutting,  would 
yield  a  measure  of  the  Postglacial  period ;  but  this  problem  is  not  here 
considered.  Indeed,  nearly  the  same  conditions  may  be  said  to  be  pre- 
sented not  less  conveniently  by  many  other  streams  of  this  region,  from 
one  of  which,  in  Oberlin,  Ohio,  Professor  G.  F.Wright  computes  the  dura- 
tion of  this  period  to  have  been  between  five  and  ten  thousand  years. 

SIZE  AND  COURSE   OF  THE  PREGLACIAL   VALLEY, 

Distinguished  by  its  cliff  section  of  drift  uniform  in  height  with  the 
shale  cliffs  forming  the  lake  shore  on  each  side,  the  mouth  of  the  pre- 
glacial  Rocky  river  valley  has  a  width  slightly  exceeding  one  mile,  from 
about  three-fourths  of  a  mile  to  nearly  two  miles  west  of  the  present 
river's  mouth,  and  between  8J  and  91  miles  west  of  the  Public  Square  at 
the  center  of  Cleveland.     The  course  of  this  old  valley  has  been  carefully 
studied  out  and  mapped,  from  well  records  and  rock  outcrops  on  either 
side,  along  all  its  extent  through  Cuyahoga  county,  by  Dr  D.  T.  Gould, 
of  Berea,  Ohio.*    The  preglacial  river  course,  supposed  to  average  about 
a  mile  in  width,  and  in  its  last  five  miles  probably  reaching  200  feet  or 
more  below  the  level  of  lake  Erie,  is  crossed  by  the  present  river  about 
four  miles  above  its  mouth.    Thence,  in  going  up  the  Rocky  river  as  it 
now  fiows,  one  travels  at  a  distance  of  1  to  2  miles  west  of  the  old  val- 
ley along  the  next  10  miles  to  the  south ;  but  at  a  distance  of  about 
fourteen  miles  south  of  the  lake  Dr  Gould  believes  that  the  preglacial  and 
])09tglacial  valleys  coincide,  their  further  upward  extent  for  at  least  sev- 
eral miles  to  the  southeast  and  south  being  the  same. 

COMPLETE  FILLING  OF  THE  PREGLACIAL    VALLEY  WITH  DRIFT. 

The  Rocky  river  is  a  shorter  and  smaller  stream  than  the  Cuyahoga, 
their  ratio  as  to  area  of  drainage  and  volume  of  water  being  approxi- 
mately the  same  as  that  of  their  preglacial  valleys.  How  the  ice-sheet 
acted  to  amass  its  drift  in  great  depth,  filling  the  old  valley  of  Rocky 
river  to  its  brim,  so  markedly  in  contrast  with  the  glacial  drift  of  the 
Cuyahoga  valley,  seems  a  difficult  question.  The  drift  so  deposited  in 
the  mainly  northwardly  trending  Rocky  river  valley  is  chiefly  till  or 
boulder-clay,  and  it  was  doubtless  formed  gradually  as  a  subglacial  de- 
posit, excepting  its  upper  part,  as  much,  but  probably  not  all,  of  the 
drift  cliff  on  the  lake  shore.  The  trough-like  valley  appears  to  have 
slowly  caught  subglacial  drift  until  it  became  filled ;  for  the  englacial 
and  at  last  superglacial  drift  would  be  a  rather  uniform  sheet,  and  the 


*  Tract  70,  Id  the  PublicAtions  of  the  Western  Reserve  Historical  Society,  Cleveland,  vol.  ii,  pp. 
47MM,  with  map,  Feb.  6, 1886. 
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drift  above  the  shale  on  each  side  of  the  old  channel  has  often  no  greater 
thickness  than  from  3  to  10  feet. 

THE  POSTGLACIAL  R0CK7  RIVER    VALLEY. 

Along  its  last  five  miles  the  present  Rocky  river  flows  in  a  gorge-like 
valley  of  postglacial  erosion,  from  a  sixth  to  a  third  of  a  mile  wide  and 
mostly  80  to  90  feet  deep.  On  account  of  the  lakeward  slope  of  the  gen- 
eral plain  through  which  this  gorge  is  channeled,  its  depth  where  it  ends 
in  the  escarpment  forming  the  south  shore  of  lake  Erie  is  reduced  to  50 
or  60  feet.  It  is  cut  down  somewhat  below  the  lake  level  along  its  last 
three-fourths  of  a  mile,  giving  evidence  that  its  erosion  was  far  advanced 
before  the  relations  of  the  land  and  the  lake  became  as  now.  Another 
proof  of  this  is  the  absence  of  a  delta  at  the  mouth,  showing  that  the 
large  mass  of  alluvium  derived  from  the  channeling  of  the  valley  was 
mostly  borne  forward  by  the  stream  flowing  on  what  was  formerly  a  land 
area  to  the  central  parts  of  the  present  lake  bed. 

At  Scenic  park,  a  pleasure  resort  on  the  bottomland  of  this  postglacial 
valley  in  the  southwest  corner  of  section  23,  Rock  port,  the  east  bluff  is 
well  covered  by  talus  and  trees ;  but  the  west  bins',  at  the  base  of  which 
the  river  runs,  is  vertical,  about  90  feet  high,  consisting  wholly  of  shale, 
excepting  3  to  5  feet  of  till  on  its  top.  This  locality  is  about  three- 
fourths  of  a  mile  from  the  mouth  of  the  river.  The  shale  is  a  soft  and 
easily  eroded  rock,  scarcely  more  resistant  to  water-wearing  and  weath- 
ering than  the  usual  boulder-clay  or  till ;  but  the  amount  which  the 
river  has  carried  away  is  very  impressive.  At  first  thought  it  might  seem 
to  imply  a  geologically  long  postglacial  period  ;  but  when  the  probable 
erosion  of  each  year  is  made  a  divisor,  the  length  of  time  required  for 
the  whole  work  is  found  to  be  only  a  few  thousand  years.  During  the 
recent  time,  comprising  prob.ably  the  greater  part  .of  this  period,  while 
the  lake  has  held  its  present  level,  eroding  the  cliffs  of  all  its  south  shore, 
as  along  the  front  of  Cuyahoga  county,  the  eastward  shore  currents  and 
powerful  waves  of  storms  have  swept  away  the  delta  tribute  of  both  the 
Cuyahoga  and  Rocky  rivers  and  the  detritus  furnished  by  the  lake  cliff 
erosion,  bearing  the  alluvium  and  the  detritus  of  the  wave-cutting  east- 
ward and  outward  to  be  laid  down  on  the  shallow  lake  bottom. 

Drift  Sections. 
lake  erie  cliff  crossing  the  preglacial  rocky  river  valley. 

The  most  interesting  drift  section  found  in  the  vicinity  of  Cleveland  is 
the  lake  cliff  along  its  extent  of  a  little  more  than  a  mile  where  it  crosses 
the  drift-filled  preglacial  valley  of  the  Rocky  river,  because  it  testifies  of 
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a  glacial  re-advance  interrupting  the  general  retreat.  This  section 
(figure  1)  tlisplays,  along  its  eastern  half,  an  underlying  early  till,  which 
ri.ses  from  below  the  lake  level  to  a  maximum  height  of  25  feet,  declining 
westward  and  becoming  hidden  by  the  talus  and  finally  sinking  beneath 
the  shore  line.  Next  the  section  has,  along  all  its  extent,  a  stratum  from 
o  to  20  feet  thick  of  mostly  very  fine  sand,  with  scanty  fine  gravel,  hori- 
zontally bedded,  but  often  contorted  in  portions  of  small  vertical  range. 
No  indication  of  erosion  of  the  underlying  till  before  the  deposition  of 
the  sand,  nor  afterward  of  erosion  of  the  sand  previous  to  the  deposition 
of  the  overlying  till  was  anywhere  detected.  Very  definite  and  mainly 
straight  planes  divide  the  lower  till  from  the  sand,  and  the  latter  from 
the  till  above  it ;  but  the  upper  till,  which  varies  in  thickness  from  3  to  7 
feet  in  its  continuous  extent  through  this  mile,  has  a  slightly  uneven 
upper  limit,  overlain  by  a  superficial  deposit  of  sand.  This  sand  and 
loam,  forming  the  surface,  is  from  2  to  5  feet  thick  eastward,  but  attains 
a  maximum  thickness  westward  of  about  15  feet. 


PiouRB  I. — Section  on  the  Lake  Shore  across  the  preglacial  Valley  of  Rocky  River. 

A  =^  lower  till ;  B  =  interglacial  sand ;  Ca  upper  till ;  £>  =  delta  and  alluvial  sand ;  E  =  Erie 

shales.    I«ength,  i^  miles ;  height,  40  feet. 

No  interbedding  of  the  interglacial  sand  with  the  till  below  or  abovj 
was  seen.  The  three  formations — ^lower  till,  intervening  sand,  and  upper 
till — were  evidently  laid  down  in  immediate  succession,  without  transi- 
tional conditions,  and  with  no  intervals  when  the  surface  was  land  ex- 
posed to  stream-wearing.  Excepting  the  superficial  delta  or  alluvial  sand 
and  loam,  the  whole  section  beneath  consists  of  deposits  made  in  the 
glacial  lake  between  200  and  150  feet  deep  overhead.  The  height  of  the 
section  is  quite  uniformly  about  40  feet  above  the  mean  surface  of  the 
lake.  Irregularities  of  thickness  of  the  several  members,  and  their  de- 
viation fi-om  horizontality,  are  shown  in  figure  1 ;  and  we  need  only  to 
add  a  few  notes  on  the  characters  of  the  two  till  deposits. 

Both  the  lower  till  and  the  upper  till  have  abundant  shale  fragments, 
some  of  Paleozoic  sandstones,  and  many  of  Archean  crystalline  schists. 
All  these  varieties  range  in  size  up  to  6  or  8  inches.  Boulders  are  very 
rare  or  wholly  absent  from  nearly  the  entire  section,  except  that  many 
of  Archean  rocks,  up  to  three  feet  in  diameter,  were  seen  in  the  lowest 
5  or  6  feet  of  the  lower  till  where  it  rests  on  the  shale  at  the  east  side  of 
the  old  valley.  The  lower  till  deposit  has  a  dark  bluish  color  through  all 
its  observed  extent.    Surface  weathering  and  infiltration  of  water  and  air 
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have  caused  the  oxidation  of  the  iron  in  the  upper  till  and  in  the  greater 
part  of  the  inter^lacial  sand,  giving  to  them  a  yellowish  gray  color,  along 
the  east  half  of  the  section  ;  but  westward,  where  the  upper  till  lies  at  a 
greater  depth,  both  that  and  the  sand  beneath  have  the  dark  bluish  un- 
weathered  color,  and  there  the  yellowish  oxidized  condition  reaches  only 
through  the  superficial  sand. 

The  thinness  and  uniformity  of  the  sheet  of  upper  till,  having  only 
about  a  thousandth  as  much  thickness  as  its  length  here  exposed  to  view, 
yet  uninterrupted  across  the  preglacial  valley,  lead  me  to  refer  it  to  en- 
glacial  drift  of  the  temporarily  re-advancing  ice  border.  Probably  a  nearly 
similar  or  greater  thickness  of  the  upper  part  of  the  lower  till  was  aW 
englacial,  being  deposited  by  the  ice  during  its  first  retreat.  lamination, 
however,  is  not  very  noticeable  in  either  till. 

The  interglacial  sand,  which,  like  the  two  formations  of  till,  seems 
referable  to  deposition  in  the  water  of  the  glacial  lake,  was  examined  in 
vain  by  Professor  H.  P.  Gushing,  of  the  Western  Reserve  University,  and 
by  the  present  writer,  in  search  of  traces  of  organic  remains.  This  sand 
is  doubtless  modified  drift  that  was  supplied  from  the  receding  ice. 

In  the  early  history  of  military  expeditions  on  lake  Erie  the  mouth  o* 
the  Rocky  river  and  this  neighboring  drift  cliff,  with  its  sand  and  gravel 
beach,  were  remarkable  as  the  scenes  of  wreck  and  disaster.  The  former 
locality,  on  November  7,  1763,  witnessed  the  loss  of  nineteen  bateaux, 
several  officers,  and  sixty-three  privates  of  Major  Wilkins'  expedition  to 
the  war  against  Pontiac  and  the  French.  Again,  during  the  night  of  Oc- 
tober 18  or  19  in  the  next  year,  1764,  a  similar  expedition,  under  Colonel 
(afterward  General)  Bradstreet,  suffered  great  losses  of  bateaux,  proTOionjj, 
ammunition,  and  guns,  by  a  sudden  storm  with  high  waves  breaking  upon 
them  while  encamped  on  McMahon's  beach,  at  the  foot  of  the  drift  cliff 
whose  section  has  been  here  described.* 

EAST  SIDE  OF  THE  CUYAHOGA   VALLEY  ON  CLARK  AVENUE. 

Under  the  guidance  of  Mr  Thomas  Piwonka,  of  Cleveland,  I  examined 
a  very  interesting  section  of  the  drift  forming  the  east  bluff  of  the  Cuya- 
hoga valley  on  East  Clark  avenue  and  other  sections  of  excavations  to 
obtain  clay  for  brick-making  situated  within  three-quarters  of  a  mile 
southward  from  that  locality  and  within  a  half  mile  east  of  the  immeiliate 
Cuyahoga  valley.  These  excavations  are  on  the  upland  expanse  of  gla- 
cial drift,  mostly  thinly  covered  by  delta  sand,  upon  which  Cleveland  i;^ 
built. 

A  large  main  water  pipe  was  laid  during  last  summer  across  the  valley 

•  Ghnpter  by  Dr  J.  P.  Kirtlund  in  Whittlesey's  Eiirly  History  of  ClevelaDd,  1867,  pp.  Vi-ltB. 
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ailing  Clark  avenue,  and  its  tunnel  beneath  the  river  hae  been  already 
noticed.  Where  the  water  trench  and  cutting  for  street  grading  pass  up 
the  east  bluff,  the  section  (shown  by  figure  2)  consisted  of  the  following 
(k'piistts,  in  descending  order: 

1.  Simd  and  ulnyey  loam,  yetlowish,  forming  the  sur&ice  soil  and  extending  to  a 
<k'[itli  of2to5f«et. 

2.  Till,  imperfectly  Btratified,  yellowish,  nontaining  many  small  rock  fragments 
lip  to  4  or  5  iuL'hea  in  diameter,  within  a  short  distance  varying  in  thiclcnese  from 
5  to  10  feet. 

3.  Sand  and  gravel,  horizontally  atratifled,  with  occasional  oblique  bedding,  yel- 
lowiah  above,  gray  below,  mostly  sand,  but  encioaing  frequent  thin  gravelly  layers 
with  pebbles  up  to  an  inch  or  rarely  two  inches  in  diameter,  about  25  feet. 

4.  Dark  bluiah  clay,  probably  alt  more  or  less  Btratified,  but  scarcely  discernibly 
so  in  the  fresh  excavation,  containing  only  rare  rock  fragments  up  to  3  or  4  inches 
ill  diamet«r,  15  to  20  feet.  This  seema  to  represent  the  usually  laminated  and 
very  pebbly  npperpart  of  the  "Erie  cl;iy  "  or  till. 


FiOUBB  t.—SMIioa  on  OarJt  A-venue. 
Length,  goo  feet ;  height.  115  Tect. 

5.  Sand  and  fine  gravel,  of  gray  culor,  very  distinctly  horizontally  stratified,  hav. 
ing  iu  upper  two  feet  somewhat  interbedded  with  the  dark  clay,  aix  feet  or  more. 

R.  Till,  probably  forming  the  talus-covered  lower  part  of  the  bluff;  extending 
niiirh  deeper  and  tunneled  beneath  the  river,  underlying  the  shallow  alluvium  (7) 
of  the  bottomland. 

The  height  of  thisbluffis  about  UOfeet  above  the  bottomland  and  125 
fcetaliovethe  river  and  lake.  Its  uppermost  deposit  of  till  is  apparently 
irrelative  witli  the  upper  till  of  tlie  Rocky  river  section,  and  both  seem 
to  me  probably  due  to  a  moderate  re-advance  of  the  ice  border  when  it 
formed  the  moraine  which  Mr  Leverctt  haa  traced  from  this  vicinity 
tlirough  Newbui^  and  onward  to  the  head  of  the  Cuyahoga  river.  The 
next  underlying  sand  and  gravel  appear  to  be  a  delta  deposit  carried 
into  the  lake  to  a  considerable  depth  by  this  river  during  a  part  of  the 
time  of  formation  of  the  Leipsic  beach. 

In  the  brick-clay  excavations  noted  as  examined  at  a  distance  of  one- 
fourth  to  three-fourths  of  a  mile  south  of  East  Clark  avenue  Mr  Piwonka 
and  the  writer  found  that  the  stratum  numbered  2  is  in  some  places 
typical  till,  with  no  marks  of  stratification,  as  was  seen  most  notably  close 
northeast  of  the  railroad  an  eighth  of  a  mile  west  of  Petrie  street.    It 
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there  has  a  thickness  of  10  to  12  feet,  and  along  an  extent  of  at  least  20O 
feet  it  incloses  very  abundant  rock  fragments  up  to  three  or  four  inches 
in  diameter,  many  others  of  larger  size,  and  frequent  boulders  up  to  four 
feet  in  diameter,  of  all  which  a  considerable  proportion  bear  distinct 
glacial  striffi.  Under  the  till  of  that  excavation,  and  divided  from  it  at  a 
definite  level  plane,  is  the  stratified  sand  and  fine  gravel  of  numl)er  3- 
Again,  the  same  thin  sheet  of  true  till,  with  occasional  Archean  boulder? 
up  to  five  feet  in  diameter,  was  seen  on  two  large  plateau  areas  in  the 
northeast  angle  of  Independence  and  Bading  streets,  on  the  opposite  side 
of  this  railroad  and  an  eighth  to  a  fourth  of  a  mile  southwest  of  the  fore- 
going place.  Both  of  these  till  deposits  are  probably  a  part  of  the  west- 
ward extension  of  the  Newburg  moraine. 

Most  of  the  excavations  for  brick-making,  however,  which  are  numer- 
ous within  a  third  of  a  mile  southeast  and  south  of  these  localities,  have 
no  well  defined  till,  but  instead  the  stratum  number  2  of  the  Clark 
Avenue  section  is  represented  by  a  thickness  of  15  to  20  feet  of  compact, 
dimly  stratified  clay,  holding  no  boulders,  only  very  rare  small  stones, 


Figure  3. — Section  from  the  Leipsic  Beach  and  Big-  Creek  north  along"  Gordon  Avenue  to  the  Lake. 

I.  I^ipsic  beach.    2.  Belmore  or  Sheridan  beach.    3.  Upper  Crittenden  or  Woodland  Avenue 
beach.    4.  I^wer  Crittenden  or  Euclid  Avenue  beach. 

and  no  perceptible  gravel  or  sand.  This  bed  reaches  eastward  beyond 
Petrie  street  and  south  to  the  Forest  City  park,  as  revealed  in  pits  for 
brick-making ;  and  ditches  for  laying  water  pipes  show  it  to  continue  as 
the  surface  formation  at  least  about  a  mile  farther  south,  to  the  vicinity 
of  the  intersection  of  Independence  and  Harvard  streets. 

SOUTH-TO'NORTH  SECTION  IN  THE  WEST  PART  OF  CLEVELAND. 

The  relationships  of  the  shale,  which  is  the  bed  rock,  the  till,  and  the 
delta,  together  with  the  four  beachci  which  will  be  presently  described, 
are  shown  by  the  accompanying  section  (figure  3),  drawn  from  south  to 
north  across  Big  creek  and  along  Gordon  avenue  to  the  lake.  Its  length 
is  about  four  miles,  the  lakeward  descent  in  this  distance  being  about 
200  feet. 

FROM  NEWBURG  NORTHWEST  TO  LAKE  ERIE 

Similarly,  figure  4  presents  a  section  from  Newburg  (now  annexed  to 
Cleveland)  northwestward  nearly  along  Broadway  and  Erie  streets  to  the 
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lake,  a  distance  of  six  miles,  with  a  descent  of  about  250  feet.  Of  neces- 
sity the  scale  of  height  in  this  figure,  as  in  those  preceding,  is  greatly 
exaggerated,  in  order  to  give  sufficient  distinctness  to  the  several  thin 
drift  and  delta  deposits. 

Altitudes  in  Cleveland  from  the  City  Surveys, 

For  my  aid  in  the  observations  and  studies  here  presented,  Mr  C.  G. 
Force,  chief  assistant  city  engineer  of  Cleveland,  has  supplied  the  follow- 
ing altitudes,  determined  by  leveling.  They  are  given  in  feet  and  are 
referred  to  mean  tide  sea  level,  according  to  my  work  as  published  in 
Bulletin  72,  United  States  Geological  Survey,  1891,  pages  15,  147 : 

Zero  reference  of  Cleveland  city  levels  (high  water  of  lake  Erie  in  1838),  675.20. 

I^ke  £rie  (oiaximum  depth,  210  feet),  lowest  stage  at  Cleveland  (in  1819),  approxi- 
mately, 570;  highest  stage  (in  1838),  575;  mean  annual  low  and  high  stages, 
571-574;  mean  surface,  January  I,  18(30,  to  December  31, 1875,  572.86. 

Intersection  of  Detroit  and  Seward  streets,  near  St.  John's  hospital,  669;  of  Detroit 
and  Taylor  streets,  677 ;.  of  Detroit  and  Pearl  streets,  669. 
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Figure  ^.—Section  from  Newburg  northwest  through  the  central  Part  of  Cleveland. 

I,  2,  3,  4.  Successively,  the  I^eipsic,  Belmore,  and  Upper  and  I^wer  Crittenden  beaches.    K. 
Run.  Kingsbury  run. 

Intersection  of  Superior  and  Ontario  streets,  center  of  the  Public  square,  656. 

Euclid  avenue  at  the  southeast  corner  of  the  Public  square,  665. 

Intersection  of  Euclid  avenue  and  Erie  street,  661 ;  of  Euclid  and  Willson  avenues, 
6<>5 ;  of  Euclid  and  Madison  avenues,  673 ;  of  Euclid  avenue  and  Doan  street, 
684. 

Euclid  avenue  at  Coltman  and  Carabella  streets  (at  entrance  to  Lakeview  ceme- 
tery), 691. 

West  Madison  avenue  at  Ridge  avenue,  690. 

Courtland  street  at  Duke  street,  687. 

I>)rain  street  at  Rockport  depot  (South  street),  781  ;  at  Highland  avenue,  772 ;  at 
the  west  end  of  Den  ison  avenue,  739 ;  at  Ridge  avenue,  699 ;  at  Harbor  street, 
688 ;  at  Pearl  street,  684. 

CTlark  avenue  at  Ridge  avenue,  698 ;  at  Burton  street,  681 ;  at  Pearl  street,  683  ;  at 
Jennings  avenue,  684. 

Denison  avenue  at  Lorain  street,  739 ;  at  Minton  street,  739 ;  at  Ridge  avenue  and 
the  bridge  over  the  Chicago,  Cincinnati,  Cleveland  and  Saint  Louis  railway, 
744 ;  at  Ritchie  street,  738 ;  at  Wyoming  street,  728 ;  at  Pearl  street,  fi90. 

Han-ard  street  at  Reade  street,  745 ;  at  Bissell  street,  759. 

Union  street  at  Wageman  street,  742. 
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Woodland  Hills  avenue  at  Kinsman  street,  783 ;  at  South  Woodland  avenue,  779: 
at  North  Woodland  avenue,  741 ;  at  Quincy  street,  723. 

Woodland  avenue  at  Perry  street,  676 ;  at  Willson  avenue,  675 ;  at  East  Ma4lis<)n 
avenue,  684. 

Surface  of  the  ground  at  the  Garfield  monument,  822. 

Fairmount  reservoir,  bottom,  725 ;  low  and  high  water  stages,  739-745 ;  the  walk 
on  the  top  of  the  embankment,  750. 

High  Service  reservoir  on  Kinsman  street,  bottom,  877  ;  water  surface,  nearly  con- 
stant, 900. 

Beach  Ridges  in  Cleveland. 

relation  of  the  beaches. 

Oil  the  accompanying  map  of  the  city  of  Cleveland  (plate  15),  the 
courses  of  the  four  ancient  shore  lines  which  are  traceable  through  the 
city  are  delineated.  Surveys  and  investigations  of  the  Pleistocene  glacial 
lakes  of  the  Saint  Lawrence  basin  by  Whittlesey,  Newberry,  N.  H.  Win- 
chell,  Gilbert,  Spencer,  Taylor,  Leverett,  and  others  show  that  the  upper- 
most beach  seen  at  Cleveland  is  a  continuation  of  the  Leipsic  beach  ridge 
(named  by  Winchell  in  northwestern  Ohio),  which  is  the  second  of  the 
two  shore  lines  formed  by  the  Western  Erie  glacial  lake  outflowing  at 
Fort  Wayne,  Indiana,  to  the  Wabash  river;  and  that  the  three  lower 
beaches  are  shores  of  the  glacial  lake  Warren,  which  outflowed  at  Chicago 
to  the  Des  Plaines  and  Illinois  rivers,  attaining  in  its  maximum  extent 
an  area  that  included  the  present  lakes  Superior,  Michigan,  Huron,  and 
Erie.* 

LEIPSIC  BEACH  OF  THE  WESTERN  ERIE  GLACIAL  LAKE. 

In  Rockport  and  Brooklyn  townships  the  Leipsic  beach  extends  from 
about  a  half  mile  north  of  Rockport  station  of  the  I>ake  Shore  and 
Michigan  Southern  railway,  east  and  southeast  to  the  southern  edge  of 
Brooklyn  village,  and  onward  across  the  Independence  road,  about  a  half 
mile  southeast  of  that  village  and  a  third  of  a  mile  south  of  the  ceme- 
tery, to  the  west  side  or  brink  of  the  Cuyahoga  valley.  The  southwest 
boundary  of  Cleveland  lies  a  half  mile  to  one  mile  northeast  of  this  shore. 

North  of  Rockport  station  the  Leipsic  shore  is  marked  by  two  beach 
ridges  of  gravel  and  sand,  at  nearly  the  same  level,  each  rising  3  to  6  feet 
above  the  expanse  of  till  on  the  south  and  north.  Crossing  Ix>rain  street, 
one  and  a  half  miles  east-northeast  of  Rockport  station,  this  shore  is  a 
terrace  eroded  in  the  till,  having  a  descent  of  20  feet  toward  the  north- 
east within  15  or  20  rods,  and  bearing  6  to  8  feet  of  gravel  on  its  top. 
The  same  wave-cut  terrace,  though  becoming  less  conspicuous,  continues 

*  The  relations  of  these  lakes,  and  of  others  succeeding  them,  held  by  the  reoedini;  iee-she«t 
in  the  Saint  Lawrence  basin,  are  discussed  by  the  present  writer  in  the  American  Joarnal  of 
Science,  III,  vol.  xUx,  pp.  1-18,  with  map,  Jan.,  1896. 
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s(mthe4ist«rly  across  the  Chicago,  Cleveland,  Cincinnati  and  Saint  Louis 
railway  (a  mile  northeast  of  Linndale  station)  to  the  valley  of  Big  creek. 
Beyond  this  creek,  which  was  thought  by  Mr  Leverett  to  mark  the  east 
termination  of  the  Leipsic  beach,  I  discovered  its  continuation,  defined 
by  a  terrace  cut  in  the  till  with  moderately  sloping  descent  of  5  to  15 
feet,  accompanied  in  part  of  its  course  by  a  ridged  gravel  and  sand  de- 
posit, the  latter  being  observed  a  half  mile  south  of  Brooklyn  post  office 
and  continuously  onward  for  three-fourths  of  a  mile  or  more  to  the 
southeast.  The  gravel  beaches  and  eroded  terraces  of  this  shore,  at  their 
crests,  are  190  to  200  feet  above  lake  Erie;  and  the  level  of  the  Western 
Erie  glacial  lake,  at  the  time  of  their  formation,  was  approximately  185 
feet  above  the  lake,  or  760  feet,  nearly,  above  the  sea. 

East  of  the  Cuyahoga  river,  the  Leipsic  shore,  marked  by  two  little 
sand  and  gravel  ridges,  nearly  parallel  and  25  to  50  rods  apart,  differing 
about  10  feet  in  altitude,  each  raised  2  to  5  feet  above  the  surface  of  till, 
I  have  traced  and  mapped  from  the  east  side  of  the  Brecksville  road, 
three-fourths  of  a  mile  south  of  the  city  limits,  northward  across  Har- 
vard avenue  (between  Reade  and  Bissell  streets)  to  the  Broadway  School. 
Next  this  shore  is  found  marked  by  a  single  small  beach  ridge  running 
almost  due  north  between  Upton  street  and  Woodland  Hills  avenue, 
being  there  distinctly  observed  for  a  half  mile,  from  Union  street  to  Harris 
avenue,  on  which,  close  south  of  the  southern  branch  of  Kingsbury  run 
and  10  to  20  rods  west  of  Niagara  street,  it  has  a  typical  beach  ridge  of 
coarse  wave-worn  gravel,  1  to  2  feet  above  the  surface  of  till  on  the  east 
and  5  feet  above  that  on  the  west,  the  width  of  the  ridge  being  10  or 
1*2  rods.  This  place  is  a  mile  north  of  the  belt  of  very  abundant  boulders 
on  Marble,  Cottage  and  Fayette  streets,  which  represent  one  of  the  chief 
lines  of  deposition,  probably  the  most  northern,  of  the  Newburg  moraine. 
Farther  northeastward,  the  Leipsic  shore  is  doubtless  traceable  to  the 
moraine  described  and  mapped  by  leverett  from  Euclid  eastward  parallel 
with  the  present  lake  Erie  shore. 

The  crests  of  the  two  Leipsic  beach  ridges  east  of  the  Cuyahoga  valley, 
in  their  northward  course  to  Harvard  street,  are  about  190  and  180  feet 
above  lake  Erie,  corresponding  to  old  lake  levels  at  185  and  175  feet 
nearly.  The  single  beach  farther  north,  as  at  Harris  avenue,  seems 
probably  the  representative  of  the  lower  one  farther  south,  and  of  the 
time  when  the  lake  cut  the  lowest  part  of  the  conspicuous  terrace  on  this 
shore  northwest  of  Big  creek. 

BELMORE  OR  SHERIDAN  BEACH  OF  LAKE  WARRSy. 

The  earliest  shore  line  formed  in  the  basin  of  lake  Erie  after  the  water 
level  fell  below  the  Wabash  outlet  was  named  by  N.  H.  Winchell  the 
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Belmore  ridge.  It  appears  to  be  continuous  with  Spencer's  Ridgeway 
beach  northwestward,  and  with  the  Sheridan  beach  of  Gilbert  and  Leverett 
eastward. 

About  one  and  a  quarter  miles  north  of  Rockport  station,  and  a  half 
mile  north  of  the  I^ipsic  shore,  this  Belmore  beach  curves  from  a  north- 
eastward to  an  easterly  course,  nearly  coinciding  there  with  the  Warren 
road  and  Linn  street.  Thence  it  passes  east-southeastward,  crossing 
Lorain  street  at  the  beginning  of  Denison  avenue.  Here  and  onward  for 
two  miles  Denison  avenue  runs  on  the  top  of  its  massive  ridge  of  sand 
and  gravel,  which  is  10  to  20  feet  high  above  the  smooth  expanse  of  till 
on  each  side,  with  a  width  of  20  to  30  rods  between  the  bases  of  its  slo|)e8, 
and  with  a  smoothly  rounded  or  nearly  flat  top  from  5  to  10  rods  wide. 

Turning  more  southward,  this  beach  ridge  leaves  Denison  avenue  clo^ 
east  of  Wyoming  street,  and  at  a  short  distance  farther  it  is  cut  through 
by  the  deep  and  wide  postglacial  valley  of  Big  creek,  whose  sides,  to 
within  10  or  15  feet  below  their  top,  are  shale.  Continuing  through 
Brooklyn  village,  this  wide  sandy  ridge  is  the  site  of  Mechanic  and  Broad 
streets  and  passes  onward  through  the  cemetery. 

On  the  east  side  of  the  Cuyahoga  valley  the  conspicuous  Belmore 
ridge  of  sand  and  gravel  begins  close  east  of  the  Independence  road,  two 
miles  west-southwest  of  Newburg.  A  half  mile  northeastward  it  forms 
an  exceptionally  high  knoll,  about  30  feet  above  the  general  level,  crowned 
with  an  oak  grove.  Running  thence  northeixsterly,  this  massive  beach 
ridge  crosses  Harvard  street  just  west  of  the  Newburg  riding  park;  it  is 
less  prominent  where  it  intersects  Broadway  at  the  South  High  School, 
but  at  some  points  onward  in  its  course  to  Union  street  at  the  south  end 
of  East  Madison  avenue,  and  to  Kinsman  street  at  Fairview  avenue,  it 
rises  as  a  well  defined  sand  ridge,  very  distinct  from  the  till  on  each  side. 
Becoming  farther  on  mainly  a  moderately  sloping  terrace  of  erosion,  it 
is  crossed  by  the  Woodland  Hills  avenue  between  North  W^oodland 
avenue  and  IngersoU  road.  Its  farther  course  northeastward,  in  the 
vicinity  of  the  Western  Reserve  University  and  Lakeview  cemetery,  is 
much  obscured  by  the  ravines  which  cut  through  the  thinly  drift-covered 
shale  bluffs. 

From  the  crest  of  these  bluffs,  on  a  level  with  the  base  of  the  Garfield 
monument  and  overlooking  the  Cuyahoga  embayment  and  delta  and  the 
city  of  Cleveland,  there  extends  away  southeastward  a  nearly  level  or 
moderatel}'  rolling  plateau  of  shale,  with  thin  glacial  drift,  about  250  feet 
above  the  lake.  These  grand  topographic  features  seem  due  almost 
wholly  to  preglacial  subaerial  erosion,  in  a  small  degree  modified  by 
glacial  erosion,  but  not  affected  by  any  lacustrine  agencies. 

The  crest  of  the  Belmore  beach  on  Denison  avenue,  and  in  its  higher 
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parts  east  of  the  river,  excepting  only  the  oak-covered  knoll,  is  165  to  170 
feet  above  lake  Erie,  corresponding  to  a  former  lake  level  at  160  to  155  feet, 
being  thus  approximately  730  feet  above  the  sea. 

LOWER  BEACHES  OF  LAKE  WASREN. 

Third  or  Woodland  Avenue  beach, — Derived  by  eastward  shore  currents 
from  a  wave-eroded  surface  of  till  with  many  large  boulders,  the  third  of 
the  Cleveland  beaches,  in  their  descending  order,  becomes  well  developed 
close  southeast  of  the  intersection  of  West  Madison  avenue  and  Berlin 
street  as  a  ridge  of  very  coarse  gravel  iand  sand,  which,  mostly  3  to  5 
feet  high  and  10  to  15  rods  wide,  runs  thence  three-fourths  of  a  mile  east- 
northeast  to  the  Waverly  School.  Farther  eastward  this  shore  deposit 
becomes  wholly  sand  and  is  spread  in  a  smooth  swell  20  to  40  rods  wide, 
rising  only  two  or  three  feet  above  the  general  expanse  of  the  delta  south- 
ward. This  phase  of  the  old  shore  is  crossed  by  Courtland  street,  and 
St,  Stephen's  church,  near  Duke  street,  is  on  its  highest  part.  Onward 
east-northeasterly  similar  indistinct  evidence  of  shore  action  during  the 
deposition  of  the  delta  is  observable  along  the  course  of  Lorain  street, 
and,  east  of  the  Cuyahoga,  along  an  east-southeasterly  course  lying  close 
south  of  Woodland  avenue  for  a  distance  of  nearly  three  miles,  excepting 
that  in  the  vicinity  of  Willson  avenue  the  low  beach  crest  passes  for  a 
half  mile  close  along  the  north  side  of  Woodland  avenue.  Along  a  dis- 
tance of  40  rods  next  west  of  the  workhouse,  in  the  southwestern  angle 
Of  Woodland  and  East  Madison  avenues,  this  shore  is  conspicuously  de- 
fined by  a  beach  ridge  of  sand  and  gravel  four  to  eight  feet  above  the 
adjoining  delta  level. 

The  crest  of  this  beach,  where  it  is  well  developed,  is  115  to  120  feet 
above  lake  Erie,  and  the  surface  of  lake  Warren  at  its  time  of  formation 
was  at  112  to  115  feet,  nearly,  or  about  685  feet  above  the  sea.  If  we 
may  judge  from  the  well  marked  shore  erosion  and  beach  accumulation 
by  the  lake  at  this  height  in  Cleveland,  a  shore  line  continuing  from  this 
may  be  expected  to  be  traceable  long  distances  both  to  the  west  and 
east. 

Fmirth  or  Eadid  Avemie  beach. — Passing  through  the  city  of  Cleveland, 
nearly  along  the  course  of  Detroit  street  and  Euclid  avenue,  the  fourth 
definite  shore  line  of  this  part  of  the  lake  Erie  basin  is  marked  along  its 
course  of  nearly  ten  miles  in  this  city  by  a  continuous  beach  ridge  of  sand 
and  fine  gravel,  excepting  where  it  is  lost  for  nearly  a  mile  by  the  post- 
glacial erosion  of  the  Cuyahoga  valley.  On  Detroit  street,  or  within  a 
few  rods  either  north  or  south,  this  shore  has  usually  a  small  beach  ridge 
or  often  two,  and  immediately  to  the  north  there  is  also  in  part  of  this 
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extent  a  terrace  cut  by  waves  in  the  till,  with  a  somewhat  steep  descent 
of  10  or  15  feet.  At  St.  John's  Hospital  the  principal  beach  ridge,  raJBed 
3  to  5  feet  above  the  general  surface  of  the  till,  lies  about  20  rods  south 
of  Detroit  street,  and  has  a  width  of  6  to  10  rods.  Its  gravel,  stones  and 
cobbles  vary  in  size  up  to  6  or  8  inches  in  diameter.    From  the  junctiou 

of  Lake  avenue  and  Detroit  street  eastward  this  shore  lies  on  the  Cuva- 

• 

hoga  or  Cleveland  delta  sand  plain  to  the  limits  of  the  city  and  beyond. 
It  passes  close  south  of  the  public  square,  by  the  intersection  of  Prospect 
and  Erie  streets,  and  thence  coincides  nearly  with  the  course  of  Euclid 
avenue,  the  crest  of  its  broad,  massive  swell  being  at  first  south,  but  soon 
and  for  a  long  distance  close  north  of  this  most  beautiful  avenue.  In 
the  vicinity  of  Wade  park  the  beach  swell,  like  a  huge  low  wave,  runs  a 
fourth  of  a  mile,  more  or  less,  northwest  of  Euclid  avenue  and  nearly 
parallel  with  it.  The  crest  of  the  beach  varies  from  95  to  100  feet  above 
the  lake,  having  been  formed  when  the  glacial  lake  Warren  held  a  slightly 
varying  plane  (in  low  and  high  stages  and  in  calm  and  storms)  at  90  to  J^ 
feet,  or  665  feet,  very  nearly,  above  the  present  sea  level. 

The  Euclid  Avenue  beach  marks  the  principal  and  lower  one  of  the 
tAVO  or  more  parallel  and  companion  shores  which  Leverett  groups  to- 
gether as  the  Crittenden  beach,  so  named  by  Gilbert  from  Crittenden  in 
southwestern  New  York,  near  which  this  shore  has  its  eastern  land  ter- 
mination, the  country  farther  east  and  north  having  been  enveloped  l»y 
the  waning  ice-sheet.  In  Cleveland  the  third  or  Woodland  Avenue  beach, 
before  described,  is  the  upper  member  of  the  compound  Crittenden  levels- 
but  there  appears  to  be  sufficient  reason  for  considering  these  two  shores 
separately,  as  they  are  divided  by  a  vertical  interval  of  20  to  30  feet  along 
the  whole  extent  of  the  south  side  of  lake  Erie. 

CORRELATION  WITH  STAGES  OF  THE  GLACIAL  RECESSION. 

The  foregoing  description  of  the  Leipsic  beach  shows  that  the  time  of 
its  formation  extended  through  that  of  the  Newburg  moraine  and  prob- 
ably up  to  the  time  of  the  Euclid  moraine.  In  two  very  valuable  con- 
tributions to  the  glacial  geology  of  this  region,*  Mr  Leverett  has  proved 
the  successive  glacial  lake  stages  to  have  been  contemporaneous  with 
stages  of  the  glacial  retreat  defined  by  four  distinct  moraines.  The 
Leipsic  beach  he  supposed  to  have  been  wholly  formed  before  and  during 
the  accumulation  of  the  Newburg  moraine,  which  he  thought  to  be  repre- 
sented by  the  moderately  rolling  and  hilly  surface  of  till  a  half  mile  U) 
one  mile  south  of  Brooklyn.  This  area  may  so  represent  the  moraine,  or 
at  least  a  southern  branch  of  it,  but  doubtless  much  or  nearly  all  of  its 

•Am.  JouroAl  of  Science.  Ill,  vol.  xliii.  pp.  281-301,  with  maps,  April,  189*2;  rol.  1,  pp.  t-2D,wirh 
map,  July,  1896. 
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prominence  is  due  to  the  pr^lacial  contour  of  the  bed-rocks.  From  Big 
creek  westward,  the  Jjeipsic  shore  displays  perhaps  three  or  four  times 
more  wave-cutting  and  resultant  beach  gravel  and  sand  than  in  the  vicin- 
ity of  Brooklyn  and  east  of  the  Cuyahoga  valley.  There,  however,  it  is 
unmistakably  continued  northeastward  beyond  the  more  northern  de- 
posits of  the  Newburg  moraine,  so  that  the  later  part  of  the  Ijeipsic  shore 
work  was  done  after  the  ice  sheet  had  receded  from  its  Newburg  boundary. 
The  stages  of  recession  of  the  ice  contemporaneous  with  the  Belmore 
and  lower  beaches  are  recorded  by  moraines,  as  mapped  by  Leverett, 
pai^t^ing  from  west  to  east  and  southeast  near  Hamburg  and  Lockport, 
X.  Y.,  from  which  they  may  be  conveniently  named,  the  Hamburg 
moraine  and  the  Belmore  or  Sheridan  beach,  and  later  the  Lockport 
moraine  and  the  Crittenden  beaches,  being  respectively  correlative.  No 
well  defined  shore  of  lake  Warren  is  found  below  the  Euclid  Avenue  or 
principal  Crittenden  beach. 

Temporary  Re-advances  of  the  Ice-sheet. 
at  the  mouth  op  rocky  river  and  in  cleveland. 

With  the  descriptions  of  drift  sections  already  given,  only  a  few  words 
are  nee<led  here  to  direct  attention  to  the  clear  evidence  of  a  temporary 
re-advance,  interrupting  the  general  departure  of  the  ice,  shown  by  the 
relations  of  the  series  of  glacial  and  modified  drift  formations  in  Cleve- 
land and  its  vicinity.  Apparently  just  before  the  accumulation  of  the 
Newburg  moraine,  the  ice  border  for  a  short  time  moved  forward  over  a 
tract  which  it  had  just  previously  relinquished,  forming  by  this  re-advance 
the  uppermost  deposit  of  till  in  the  old  valley  of  the  Rocky  river  and  on 
East  Clark  avenue  and  southward  in  Cleveland.  The  Rocky  river  section 
indicates  that  the  fluctuating  ice-front  was  all  the  while  bounded  there 
by  the  glacial  lake. 

AT  TORONTO  AND  SCARBORO',  ONTARIO. 

About  160  to  170  miles  northeast  from  Cleveland  the  deposits  of  glacial 
and  modified  drift  and  alluvium  in  Toronto  and  Scarboro',  Ontario,  as 
described  by  Prof.  A.  P.  Coleman,''^  record  a  more  complex  history  of 
glacial  re-advance  during  the  time  of  general  retreat.  Studying  the  sec- 
tions of  till  and  interglacial  fossiliferous  beds  given  by  Coleman,  with  their 
evidences  of  stream  erosion  before  the  deposition  of  the  till  next  above 
the  thick  stratified  sand  and  clay  which  contain  remains  of  a  temperate 

*Am.  Geologist,  toI.  xiil,  pp.  8&-05,  February,  1894 ;  Joarnal  of  Geology,  toI.  iii,  pp.  622-646,  with 
^f'tioDs,  September-October,  1896. 
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fauna  and  flora,  I  attribute  that  glacial  re-advance  to  a  time  after  the 
glacial  lake  Iroquois  in  the  lake  Ontario  basin  began  to  outflow  eastward 
by  Rome  to  the  Mohawk  and  Hudson.  After  the  deposition  of  the  fos- 
siliferous  sand  and  clay  beds  of  the  Scarboro'  section  in  the  gradually 
shallowing  water  of  lake  Warren  or  of  the  succeeding  glacial  lakes  Lundy 
or  Newberry,  this  outflow  east  from  the  Ontario  basin  b^an.  On  account 
of  the  depression  of  the  land  which  brought  on  this  final  Champlain  epoch 
of  the  Ice  age,  the  relative  height  of  the  land  in  the  vicinity  of  Toronto, 
as  compared  with  the  depressed  region  about  190  miles  eastward  at  Rome, 
then  permitted  a  stream  to  erode  its  valley  near  Toronto  to  a  depth  below 
the  present  level  of  lake  Ontario.  Later,  and  after  a  temporary  advance 
and  second  retreat  of  the  ice  border  at  Scarboro'  and  Toronto,  forming  a 
thick  till  deposit,  the  differential  re-elevation  of  the  land,  probably  200 
to  303  feet  more  at  Rome  than  in  the  western  part  of  the  Ontario  basin, 
caused  the  water  level  of  lake  Iroquois  to  rise  gradually  on  the  land  west- 
ward until  it  stood  at  last  permanently  during  many  years  at  the  con- 
spicuously developed  Iroquois  beach. 

The  uppermost  till  of  the  Scarboro'  Heights — that  is,  the  second  till 
deposit  above  the  fossiliferous  beds — seems  to  be  a  retreatal  moraine, 
belonging  to  the  second  glacial  recession,  or  to  a  third  retreat  after  a 
second  slight  re-advance,  all  considerably  antedating  the  Iroquois  beach, 
which  lies  above  all  these  drift  accumulations. 

Climatic  Conditions  of  the  Champlain  Epoch. 

The  glacial  and  interglacial  deposits  thus  found  on  the  shore  of  lake 
Ontario  seem  to  me  wholly  referable  to  a  portion  of  the  time  of  general 
glacial  retreat  subsequent  to  the  Rocky  river  and  Cleveland  drift  sections- 
In  these  sections  no  evidence  was  obtained  concerning  the  plant  and 
animal  life  of  the  adjoining  land  or  of  the  glacial  lake,  referable  to  so 
early  a  date  as  the  Newburg  moraine  and  time  of  formation  of  the  upper 
till  in  the  sections  specially  noted.  What  the  climatic  conditions  were, 
and  the  incoming  fauna  and  flora,  may,  however,  be  partially  suggested 
by  the  Toronto  and  Scarboro'  sections,  where  we  see  that  the  interval 
between  the  formation  of  successive  and  superposed  till  deposits  had  a 
temperate  climate  nearly  like  that  of  the  same  district  to-day. 

The  predominantly  wasting  ice  border  rose  probably  to  an  altitude  of 
5,000  feet  within  100  miles  from  its  edge  while  being  dissolved  by  the 
warm  Champlain  climate  with  somewhat  lower  altitude  of  the  land  than 
now.  If  the  retreat  of  the  ice-sheet  from  the  northern  United  States  and 
Canada  occupied,  as  I  think,  some  three  to  five  thousand  years,  disappear- 
ing earliest  from  the  upper  Missouri  and  Mississippi  basins,  and  latest 
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from  New  England,  the  province  of  Quebec,  and  Labrador,  the  extension 
of  a  warm  temperate  flora  and  fauna  could  well  keep  pace  with  the 
glacial  recession,  so  that,  as  on  the  waning  Malaspina  ice-sheet,  a  flora 
like  that  of  the  same  latitude  today,  and  concomitant  temperate  mollus- 
can  and  insect  life,  may  well  have  thrived  up  to  the  very  boundary  of 
the  ice,  or  perhaps  in  the  case  of  the  plants  and  insects  even  extending, 
as  in  Alaska,  upon  the  drift-covered  ice  border. 

Darwin  noted,  in  his  narrative  of  the  voyage  of  the  Beagle,  that  glaciers 
in  the  fiords  of  southern  Chile  reach  down  to  the  sea  level  within  nine 
d^rees  of  latitude  from  where  palms  flourish.  Professor  W.  0.  Crosby 
tells  me  of  his  observations  of  fine  orchards  of  cherries  and  other  fruits 
cultivated  close  to  the  limits  of  the  large  local  fields  of  ice  and  nev6  in 
Norway,  one  of  which  bias  an  area  of  about  five  hundred  square  miles. 
In  the  Alps  the  glaciers  end  only  a  few  hundred  feet  from  productive 
fields  and  gardens  of  flowers.  Still  more  like  the  condition  of  North 
America  and  Europe  during  the  recession  of  their  Pleistocene  ice-sheets 
is  the  vast  fertile  plain  of  India,  enjoying  a  tropical  climate,  while  within 
a  short  distance  along  its  northern  side,  and  farther  west  and  east  fcftr  an 
extent  of  1,600  miles,  runs  the  almost  impassable  Himalayan  range,  with 
valleys  bearing  glaciers  and  summits  crowned  with  perpetual  snow. 

The  proximity  of  the  very  cold  Himalayas  does  not  bring  frosts  to  the 
neighboring  tropical  plain.  In  like  manner  the  ice»-sheet  still  lingering 
on  northern  Ontario,  New  York,  and  New  England,  did  not  cause  a  very 
frigid  climate  to  prevail  in  the  winters,  nor  nights  of  frost  in  the  sum- 
mers, on  the  windward  low  region  of  the  Laurentian  lakes  whence  the 
ice  had  recently  retreated. 

At  a  somewhat  later  time  than  that  represented  by  the  Toronto  and 
Scarboro'  fossiliferous  modified  drift,  when  the  ice-sheet  had  so  far  receded 
as  to  uncover  the  Ottawa  and  Saint  Lawrence  valleys,  which  then  became 
filled  with  the  far  more  extensive  gulf  of  Saint  Lawrence  to  lake  Cham- 
plain,  almost  to  the  mouth  of  lake  Ontario,  and  to  AUumette  island  of  the 
Ottawa  river,  75  miles  above  the  city  of  Ottawa,  the  presence  of  a  flora 
including  forests,  and  a  marine  fauna,  nearly  like  those  of  today  in  the 
Saint  Lawrence  region,is  known,  as  so  fully  described  by  Sir  William  Daw- 
son in  his  recent  work,  "  The  Canadian  Ice  Age,"  and  in  his  many  earlier 
papers,  by  their  remains  in  tha  Leda  clays  and  Saxicava  sands,  deposited 
during  the  short  interval  between  the  glacial  retreat  and  the  reelevation 
of  the  land  from  its  Champlain  subsidence. 

In  a  limited  sense  the  Toronto  fossils  may  be  called  interglacial,  as  the 
term  is  used  in  the  present  paper,  since  they  lie  between  deposits  of 
glacial  drift ;  but  they  seem  better  referred  to  moderate  oscillations  of  the 
ice  boundary  during  its  general  retreat  after  the  lowan  stage  of  the  Glacial 
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period,  that  is,  to  a  time  during  the  Wisconsin  or  moraine-forming  stage, 
rather  than  to  the  distinct  glacial  epochs  which  Coleman  infers  from 
them.  The  evidence  of  two  closely  consecutive  glacial  recessions  and  re- 
advances  in  Scarboro'  and  the  thinning  out  of  the  thick  deposits  of  till 
so  formed  within  a  few  miles  westward  imply  that  the  ice  border  during 
that  whole  time  was  near,  but  seem  quite  inexplicable  on  the  hypothesis 
that  these  till  formations  record  great  re-advances  of  the  ice,  as  either  to 
the  lowan  stage  or  to  the  Wisconsin  moraines.  Furthermore,  the  thick 
Scarboro'  stratified  beds  were  evidently  amassed  as  deltas,  and  the  origin 
of  so  large  a  supply  of  sediments  seems  referable  only  to  their  derivation 
chiefly  from  englacial  drift  exposed  by  ablation  on  the  mai^n  of  ice- 
fields within  the  drainage  area  of  the  delta-forming  streams.  In  this 
tract  of  confluence  between  the  great  eastern  and  central  lobes  of  the 
Laurentide  ice-sheet,  represented  by  the  angle  of  the  drift  boundary  at 
Salamanca  in  southwestern  New  York,  there  undoubtedly  was  brought 
an  exceptional  volume  of  the  englacial  drift  by  the  confluent  glacial 
currents. 

The  Ice  age  is  found  divisible  into  two  parts  or  epochs,  the  first  or 
Glacial  epoch  being  marked  by  high  elevation  of  the  drift-bearing  areas 
and  their  envelopment  by  vast  ice-sheets,  and  the  second  or  Cham  plain 
epoch  being  distinguished  by  the  subsidence  of  these  areas  and  the  de- 
parture of  the  ice,  with  abundant  deposition  of  both  glacial  and  modified 
drift.  Epeirogenic  movements,  first  of  great  uplift  and  later  of  depression, 
are  thus  regarded  as  the  basis  of  the  two  chief  time  divisions  of  this 
period.  Each  of  these  epochs  is  further  divided  in  stages,  marked  in  the 
Glacial  epoch  by  fluctuations  of  the  predominant  ice  accumulation,  and 
in  the  Champlain  epoch  by  successively  diminishing  limits  of  the  waniuj; 
ice-sheet,  which,  however,  sometimes  temporarily  re-advanced,  inclosing 
stratified  and  fossiliferous  beds  between  the  unstratified  glacial  deposits. 
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Introduction. 


In  the  paper  herewith  presented  the  writer  has  endeavored  to  illustrate 
the  chemical  and  physical  changes  taking  place  in  the  breaking  down  of 
rock  masses  through  the  ordinary  conditions  of  atmospheric  action  com- 
monly grouped  under  the  name  of  weathering.  The  general  tendency 
of  the  investigations  has  been  the  same  as  those  pursued  in  the  case  of 
the  disintegrated  granitic  rocks  of  the  District  of  Columbia,  the  results  of 
which  were  presented  to  the  Geological  Society  of  America  at  its  meeting 
in  Baltimore  one  year  ago.* 

Description  of  Locality. 

The  rock  selected  for  investigation  in  the  present  instance  is  a  coarsely 
crystalline,  somewhat  granular  diabase,  which  occurs  in  the  form  of  a 
large  dike  exposed  almost  continuously  from  the  Mystic  river,  in  Med- 
ford,  Massachusetts,  northward  toward  Spot  pond,  for  nearly  two  miles. 

*  Bivll.  Geol.  Soc.  Am.,  vot.  6,  March,  1895,  pp.  321-332. 
XL—Bull.  Giol.  806.  Ah.,  Vol.  7, 1895.  (349) 
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Its  maximum  breadth  is  stated  to  be  not  less  than  500  feet,  but  it  narrows 
gradually  northward  to  a  diameter  of  not  above  50  feet.  A  mile  south 
of  the  Mystic,  on  the  same  north-and-south  line,  is  the  so-called  Powder 
House  dike  of  the  same  character,  and  presumably  but  a  continuation 
of  the  one  at  Med  ford.  In  point  of  age  the  dike  is  one  of  the  youngest 
of  rocks  of  the  vicinity,  cutting  the  older  eruptives,  granite,  **  felsites'* 
and  diorites,  as  well  as  the  Carboniferous  slates  and  conglomerates. 

Petrographic  Features  of  the  Rock. 

The  general  petrographic  features  of  the  dike  have  been  well  described 
by  Dr  William  H.  Hobbs,  on  whose  paper*  I  shall  draw  for  a  descrip- 
tion of  the  material  in  its  least  changed  condition.  The  rock  is  quite 
uniform  in  general  character  and  for  the  most  part  suflSciently  coarse  in 
crystallization  to  permit  the  ready  determination  by  the  unaided  eye  of 
its  chief  constituents,  plagioclase  feldspar,  augite,  biotite  and  occasional 
pyrite.  Microscopical  and  chemical  tests  indicate  the  presence  of  two 
feldspars,  the  one  labradorite  and  the  second  a  more  acid  variety,  pre- 
sumably orthoclase.  Original  apatite,  magnetite  and  ilmenite  occur,  and 
secondary  hornblende,  chlorite,  quartz,  calcite,  leucoxene  and  pyrite. 
The  chemical  composition  of  the  rock  is  to  be  noted  later. 

Earlier  References  to  the  Disintegration. 

That  this  diabase  had  undergone  extensive  disintegration  was  suffi- 
ciently evident  to  have  attracted  the  attention  of  the  earlier  geologists, 
who  indeed  could  scarcely  fail  to  note  so  striking  a  feature  in  a  region 
which  had  been  subject  to  extensive  glaciation,  and  where  as  a  conse- 
quence only  the  small  amount  of  residuary  material  from  rock  decom- 
position that  has  been  formed  since  glacial  times  is  now  to  be  found  in 

I)lace. 

The  first  and  most  detailed  description  of  this  phenomenon  I  have 
been  able  to  find  is  that  given  by  J.  F.  and  S.  L.  Dana,t  who  state  that— 

''At  Powder  House  hill,  in  Charieston,  in  the  center  of  Medford,  in  Reading 
and  in  Woburn  the  greenstone  is  most  completely  disintegrated,  and  forms  a 
beautiful  reddish  brown  sand  which  is  much  employed  for  forming  hard  gravel 
walks.  At  these  places  the  greenstone  occurs  in  large  globular  masses,  with  a  solid 
nucleus  surrounded  by  concentric  lamina  of  greenstone  in  various  stages  of  decom- 
position. The  lamina  are  of  various  thickness  and  are  often  easily  8e|>arated.  It 
bears  some  resemblance  to  that  variety  of  secondary  greenstone  i*alled  globular 


•  Bull.  Mufl.  Comp.  Zofllopry.  vol.  xvi,  no.  1,  188S. 

t  OntlinoH  of  the  Mineralogy  and  Geology  of  Boston  and  Vicinity,  Mem.  Americaa  Academy  of 
Arts  and  Sciences,  vol.  !▼,  1818,  p.  200.  « 
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rrx*k.  Globular  masses  appear  piled  on  each  other  like  stones  in  a  wall,  and  the 
interstices  are  filled  with  the  above-mentioned  reddish  sand.  The  external  surface 
of  the  greenstone  frequently  presents  a  rusty  brown  color,  which  arises  from  the 
«le(;om}>o6ition  of  the  imbedded  sulphuret  of  iron.  The  oxide  of  iron  is  found  in 
various  states  and  of  various  colors  in  the  same  specimen.  Near  the  surface  it  is 
yellow  and  pulverulent ;  interiorly  it  is  more  compact  and  its  color  is  reddish 
brown  and  often  of  a  bright  vermillion.  When  by  exposure  to  the  atmosphere 
the  sulphuret  of  iron  is  not  only  decomposed  but  removed,  the  surface  of  the 
rock  becomes  cellular,  and  thus  much  resembles  some  varieties  of  lava.  Such 
specimens  are  characterized  by  their  difficult  frangibility,  toughness  and  by  tlie 
dark  green  color  and  crystalline  structure  of  the  feldspar,  which  are  very  evident 
in  the  compact  center  of  these  masses.'' 

ITie  general  description  as  above  given  is  sufficiently  detailed  and 
charactistic  for  our  present  purposes,  though  the  cellular  rock,  due  to 
oxidation  and  removal  of  the  pyrites,  has  not  come  under  my  observa- 
tion. The  color  of  the  sand  resulting  from  the  decomposition  is,  further, 
by  no  means  due  wholly,  if  at  all,  to  the  sulphuret  of  iron,  but  rather  to 
the  decomposition  of  ferruginous  silicates,  such  as  mica  and  augite. 

Present  Aspect  of  the  Dike. 

The  general  aspect  of  the  dike,  as  recently  exposed  a  few  rods  north  of 
the  intersection  of  Mystic  and  Main  streets  in  Medford  village,  is  shown 
in  the  accompanying  plate  (16)  from  a  photograph,  for  which  I  am  in- 
debted to  Professor  W.  0.  Crosby,  as  I  am  also  for  the  samples  of  fresh 
and  disintegrated  material  utilized  in  the  analyses  and  the  general  facts 
regarding  its  occurrence.  The  still  sound,  boulder-like  masses,  some  in 
place  and  others  rolled  to  the  bottom  of  the  cutting  made  in  excavating, 
are  plainly  evident,  and  the  statements  made  by  the  Messrs  Dana  78 
years  ago,  though  descriptive  of  another  locality,  are  almost  equally  ap- 
plicable here.  In  the  upper  left  portion  of  the  view  the  disintegrated 
rock  is  seen  overlain  by  glacial  till,  a  feature  to  which  I  shall  refer  again 
later. 

Mechanical  Analysis  of  disintegrated  Rock. 

In  order  to  first  ascertain  the  physical  changes  which  had  taken  place 
in  the  breaking  down,  the  resultant  sand  was  submitted  to  a  process  of 
sifting  and  washing,  yielding  the  results  given  below,  and  for  which  I 
am  indebted  to  Professor  Milton  Whitney.* 

Of  these  separations,  those  represented  by  numbers  1  and  2  are  plainly, 
even  to  the  unaided  eye,  of  a  compound  nature,  and  easily  recognizable 
as  diabasic  derivatives,  though  somewhat  discolored  by  iron  oxides. 

*  In  charge  of  the  DivUioD  of  Agricultural  Soils,  Department  of  Agriculture. 
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Number  3  shows  particles  of  feldspar,  augite  and  mica  fairly  well  disag- 
gregated, though  even  here  many  of  the  granules  are  compound.  Num- 
ber 4  differs  mainly  in  being  finer  and  of  a  lighter  color,  while  5,  of  a 
rich  mahogany  brown  color,  appears  to  the  unaided  eye  to  be  composed 
mainly  of  mica  scales.  The  microscope,  however,  shows  it  to  contain 
numerous  badly  stained  but  quite  fresh  feldspathic  particles  and  cleav- 


Name. 


1.  Gravel 

2.  Fine  j?ravel 

3.  Coarse  sand. . . 

4.  Medium  sand. . 

5.  Fine  sand 

6.  Very  fine  sand. 

7.  Silt 

8.  Fine  silt 

9.  Clay 

10.  Loss  at  110*». . . . 

11.  Ignition 


Total 


Diameter  of  particles. 


Above  2.  mm. 
2.  -1.  mm. 
1.      -  .5  mm. 

.5    -  .25  mm. 

.25  -  .1  mm. 

.1    -  .05  mm. 

.05  -  .01  mm. 

.01  -  .005  mm. 

.005-  .0001  mm. 


Per  cent 


42.3 
20.66 
12.72 
9.37 
4.97 
4.18 
1.13 
0.37 
1.67 
0.66 
1.73 


9P.76 


age  flakes  of  augite.  Number  6,  the  particles  of  which  lie  between  .1  and 
.05  of  a  millimeter  in  diameter,  shows  also  only  minute  flecks  of  mica 
recognizable  macroscopically,  but  contains  both  feldspathic  and  augitic 
particles  like  number  5,  while  7  and  8  are  deep  ocherous  brown  silts, 
offering  no  distinctive  features  to  the  unaided  eye,  and  9  would  pass  for 
a  light  brown  ocher.  The  material  analyzed  as  silt  (columns  5, 6  and? 
below)  is  the  equivalent  of  numbers  7,  8  and  9  of  this  series. 


Chemical  Analyses  and  their  Discussion. 

The  chemical  nature  of  the  fresh  and  decomposed  rock  is  shown  in 
the  accompanying  table,  the  results  being  in  nearly  every  case  averages 
ol)tained  from  two  or  more  analyses.  The  '*  fresh  "  material,  obtained 
from  the  interior  of  one  of  the  boulders,  is  firm  in  texture,  has  a  bright, 
clean  fracture  and  shows  to  the  unaided  eye  no  signs  of  decomposition. 
When  pulverized  and  treated  with  acid,  however,  it  effervesces  distinctly, 
indicating  the  presence  of  free  carbonates,  which  are  also  observable  as 
secondary  calcite  when  thin  sections  are  examined  under  the  microscope. 
Some  of  this  calcite  is  evidently  a  deposit  from  infiltrated  wat^^rs,  being 
derived  from  the  surrounding  decomposed  material,  while  a  portion  re- 
sults from  the  decomposition  of  the  silicate  minerals  in  place.  Aside 
from  a  slight  kaolinization  of  the  feldspars  and  development  of  chlorite 
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from  the  ferruginous  silicates,  there  are  no  other  observable  signs  of  de- 
composition, though  the  presence  of  a  soda-bearing  zeolite  is  indicated 
by  cubes  of  chloride  of  sodium,  which  separate  out  when  an  uncovered 
slide  is  treated  with  a  ^Jrop  of  hydrochloric  acid. 

Analyses  of  fresh  and  disintegrated  Diabase  from  Med  ford. 


Constituents. 


^i^  f  in  HCl      \ 
^*^»  \  in  Na,Co,  / 

AlA 

Fe^O, 

Fe( ) 

CaO 

MkO 

MnO 

K,0   

Na,0 

fA 

Ign 


Fresh  diabase. 

1 

2 

00 

?. 

O  3^ 

VD   W   S, 

§ 

nalysi 

tion 

HCla 

"3 

m 

< 

47.28 

J    1.19 
I    9.66 

20.22 

4.74 

3.66 
8.89 

1  10.91 

7.09 

3.09 

3.17 

2.20 

0.77 

Not  det. 

2.16 

1.21 

3.94 

0.50 

0.68 

Not  det. 

2.73 

2.73 

100.59 

36.23 

Disintegrated 
diabase. 


CD 

13 

c 

03 
'3 

pq 


} 


44.44 

23.19 

12.70 

6.03 
2.82 
0.52 
1.75 
3.93 
0.70 
3.73 


99.81 


"-  o 


K 


O  3*^ 
OO  S  S 


{ 


0.85 
8.65 
4.86 

10.00 


1.50 
1.84 

Not  det. 
0.68 
0.17 

Not  det. 
3.73 


32.28 


Silt  from  disintegrated 
diabase,  numbers  7,  8 
and  9  of  table,  on  p.  352. 


Si 

CO 


6 

ho 

8.sa" 

fc>    Q^    C8 

2  o  c 

'^  -  08 


§:; 


CO 


0.47 
22.63 
21.98 

12.83 

3.32 
3.23 

Not  det. 
1.30 
0.90 

Not  det. 
10.86 


} 


13.51 


5.88 


77.52 


0.12 
0.79 

Not  det. 
0.52 
1.24 

Not  det. 
0.11 


22.17 


o 


36.61 

40.68 

3.44 
4.02 
Not  det. 
].82 
2.14 


10.97 


99.68 


A  glance  at  this  table  is  sufficient  to  show  that  the  disintegration  is 
accompanied  by  decomposition  and  a  leaching  action  which  has  resulted 
in  the  removal  of  a  portion  of  the  more  soluble  constituents.  The  fact 
that  the  fresh  rock  yields  the  larger  percentages  of  its  constituents  to  the 
solvent  action  of  acid  and  alkaline  solutions  is  readily  explained  on  this 
ground,  though  I  doubt  if  the  full  significance  of  the  fact,  so  far  as  it 
relates  to  silicious  crystallines,  is  as  yet  appreciated.  It  will  be  observed 
that  36.23  percent  of  the  fresh  rock  and  32.28  per  cent  of  the  decomposed 
is  thus  extracted. 

Of  the  material  classed  as  silt  in  columns  5,  6  and  7,  or  as  silt  and  clay, 
by  Professor  Whitney,  on  page  352,  and  which  constitutes  only  some  3.17 
percent  of  the  entire  residual  debris,  77.87  per  cent  is  soluble  in  dilute 
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hydrochloric  acid  and  sodium  carbonate  solutions.  The  insoluble  iK>r- 
tion,  constituting  22.13  per  cent  of  the  silt,  consists  of  unaltered  feldspars 
and  iron,  lime  and  magnesian  silicates,  ^f  hich  are  easily  recogniiahle 
under  the  microscope  in  minute,  sharply  angular  particles.  This  portion 
of  the  separation  is  of  interest  as  showing  the  minute  stage  of  subdivision 
attainable  without  complete  decomposition  in  deposits  where  no  mechan- 
ical forces  are  operative  other  than  those  involved  in  hydration  and  tem- 
perature changes.  The  bearing  of  this  upon  the  origin  of  the  materials 
forming  loess  and  such  secondary  rocks  as  the  shales  and  finer  sand- 
stones, I  cannot  but  regard  as  of  some  importance.* 

It  is,  however,  obvious  to  all  who  have  given  the  subject  attention  that 
chemical  analyses  alone,  as  ordinarily  set  forth,  convey  a  very  imperfect 
idea  of  the  actual  chan;i;e3  which  have  gone  on  in  the  process  of  weather- 
ing. Indeed,  the  proper  interpretation  of  such  analyses  is  attended  with 
very  great  difficulty.  In  the  present  instance  it  is  desirable  to  learn,  so 
far  as  possible,  not  merely  the  difference  in  composition  between  the 
fresh  and  altered  rock,  but,  what  is  of  greater  importance,  the  propor- 
tional loss  or  gain  of  the  various  constituent  elements,  as  well  as  the 
change  in  their  method  of  combination.  The  problem  is  rendered  one  of 
verj^  great  difficulty  from  the  fact  that  we  do  not  know  with  any  d^ree 
of  precision  just  what  may  have  been  the  actual  processes  involved. 
From  the  manner  in  which  the  decomposed  rock  conducts  itself  toward 
solvents  and  from  a  study  of  the  percentage  figures  in  the  table,  it  is, 
however,  at  once  evident  that  hydration  is  an  important  factor,  and  that 
a  very  appreciable  amount  of  material  has  been  carried  away  in  solu- 
tion ;  also,  that  of  the  material  remaining  a  considerable  amount  exists 
in  combinations  quite  different  from  those  in  the  fresh  rock.  These  are 
facts  that  have  long  been  recognized. 

In  seeking  to  determine  what  proportion  of  material  has  actually  he- 
come  lost,  it  is  necessary  to  select  some  one  of  the  constituents  which 
shall  serve  as  a  means  of  comparison.  It  is  self-evident  that  the  con- 
stituent thus  selected  should  be  the  one  which  sufiers  least  change,  or  a 
known  change,  during  the  process  of  decomposition. 

It  is  a  commonly  accepted  fact  that  of  all  those  constituents  occurring 
in  considerable  quantities  in  silicious,  crystalline  rocks,  the  alumina  is 
the  most  refractory  and  least  liable  to  be  carried  away  through  the  sol- 
vent action  of  water.  Hence  Justus  Roth  f  and  others  have  not  infre- 
quently selected  this  as  the  constant  factor,  and  by  recalculating  the  re- 
sults of  analyses  on  the  basis  that  all  the  alumina  of  the  original  rock 

*  The  petrology  of  the  clastic  rocks  must  evidently  begin  with  a  study  of  the  products  of  roek 
degeneration, 
t  Allegemeine  u.  Chemische  Oeologie,  vol. .%  1893. 
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was  retained  by  the  residual  clay,  liave  arrived  at  very  interesting,  though 
not  absolutely  accurate  results;  this  for  the  reason  that  alumina  is  not 
wholly  insoluble  in  meteoric  waters.  Indeed,  in  many  instances  which 
might  be  cited,  the  iron  oxides  are  apparently  more  refractory  than 
the  alumina,  as.  will  be  noted  later.  By  a  comparison  of  the  analyses  of 
fresh  and  decomposed  rock  it  is,  however,  evident  that  in  this  particular 
case  the  alumina  has  remained  most  nearly  constant.  Recalculating, 
then,  the  matter  in  columns  1  and  2  on  the  basis  of  100  and  considering 
the  alumina  as  a  constant  factor,  we  get  the  results  given  in  columns  8, 
9  and  10,  the  last  representing,  so  far  as  it  can  be  obtained  by  this  method, 
the  actual  percentage  loss  of  materials  attending  the  breaking  down  or 
degeneration,  as  we  may  well  call  it.* 

Calculated  Loss  of  Material, 


Constituents. 


9 


Rec*a1  ciliated  on  basis 
of  100. 


Fresh 
diabase. 


SiO, . 
AlA 

FeA 

FeO. 

CaO. 
MgO. 
MnO 
K,0. 
Na,0 

PA. 
ign.. 


47.01 
20.11 
3.63 
8.83 
7.06 
3.16 
0.77 
2.14 
3.91 
0.68 
2.71 


100.00 


Decomposed 
diabase. 


10 

11 

12 

1. 

f  eacli 
saved. 

^^  ^ 

®  c 

as 

&g 

OS  C 

S.ta 

5-S 

?  - 

s  » 

CtD 

8  c 

"  9. 

erce 
con 

o 

0)  o 

Ph 

Pu. 

^ 

] 


44.51 
2.3.24 

12.71 

6.04 
2.85 
0.52 
1.75 
3.94 
0.70 
3.74 


100.00 


8.48 
0.00 

2.42 

1.83 
0.68 
0.32 
0.62 
0.50 
0.08 
0.53t 


14.93% 


81.97 
100.00 

81.90 

74.11 
78.30 
58.43 
70.85 
87.17 
88.61 
lOO.OOt 


18.03 
0.00 

18.10 

25.89 
21.70 
41.57 
29.15 
12.83 
11.39 
0.00 


From  these  figures  it  appears  that  there  has  been  a  loss  of  some  14.93 
per  cent  of  all  constituents.  The  increase  in  water,  as  indicated  by  the 
if?nition,  is  a  natural  consequence  of  hydration  and  the  presence  of  a 

*  Since  the  process  is  in  part  physical,  the  term  decomposition  is  hardly  applicable  here.  A 
^'otnprehensire  term,  noncommittal  as  to  which  force  is  operative,  is  needed.  Rather  than  coin  a 
new  word,  and  as  preferable  to  **  breaking  down,"  I  hare  used  the  term  degeneration. 

tOain. 

I  The  calculation  gives  U9.49  per  cent,  showing  a  gain  in  volatile  matter,  as  is  to  be  expected. 
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small  amount  of  organic  matter.  This  increase,  it  should  be  stated,  is 
greater  than  may  at  first  be  apparent,  for  the  reason  that  the  fresh  rock 
contains  a  considerable  amount  of  secondary  calcite,  which  is  quite  lack- 
ing in  the  residual  sand.  A  large  part  of  the  ignition  in  columns  1  and 
8  is  therefore  to  be  accredited  to  carbonic  acid  and  not  to  water  of  hydra- 
tion. 

We  have  as  yet,  however,  fallen  far  short  of  the  desired  results,  and 
in  columns  11  and  12  I  have  attempted  to  show  the  actual  percentage 
amounts  of  the  original  constituents  that  have  been  saved  or  lost  during 
this  process  of  decomposition.  In  these  calculations,  as  before,  the  alu- 
mina is  considered  a  constant  factor.  The  method  of  calculation  is  not 
new,  or  at  least  is  so  only  in  its  mode  of  application.  A  similar  method 
was  employed  by  Dr  R.  A.  L.  Penrose  in  considering  the  origin  of  manga- 
nese deposits  through  the  decomposition  of  manganiferous  limestones* 
though  in  his  case  the  silica  was  considered  the  constant  factor.f 

From  the  figures  thus  obtained  it  appears  that  of  all  the  essential  con- 
stituents the  lime  and  potash  salts  have  suffered  the  most,  though  the  iron 
oxides  have  also  been  carried  away  in  amounts  equaling  18.10  per  cent 
of  their  original  percentages.  Magnesia  has  also  proven  very  susceptible 
to  the  solvent  action,  disappearing  to  the  amount  of  21.70  per  cent;  and, 
lastly,  silica  to  the  amount  of  18.03  per  cent.^  The  small  original  amounts 
of  manganese  and  phosphoric  acid  render  the  results  obtained  by  these 
calculations  as  of  doubtful  value,  since  it  is  possible  they  may  be  due  in 
part  to  errors  of  analysis. 

In  order  to  further  test  the  method  I  have  recalculated  analyses  of 
(1)  fresh  and  highly  weathered  diabase  from  Venezuela,  as  given  by  G. 
Atwoodjt  and  also  (2)  the  granitic  analyses  given  by  myself  in  the  pub- 
lication already  alluded  to.§  In  both  cases  the  iron  (Fe,Oj)  wias  found 
to  be  the  most  stable  factor.  The  results  thus  obtained  are  given  on  the 
opposite  page. 

From  these  tables  it  appears  that  in  the  case  of  diabase  the  total  loss 
equals  39.51  per  cent,  with  an  actual  gain  in, volatile  matter.  Of  the 
individual  constituents,  83.23  per  cent  of  the  original  lime ;  61.37  per  cent 

^Ann.  Rep.  Geol.  Survey  of  Arkansas,  vol.  1, 1890. 

fThe  formulsB  employed  Id  the  calculation  is  as  follows: 

^-rr^  =  X;  and  100  —  X=  r,  in  which  A  =  the  percentage  of  any  glyen  constituent  in  the  re- 
sidual material ;  B  =  the  percentage  of  the  same  constituent  in  the  fresh  rock,  and  C»  the  quotient 
obtained  by  dividing  the  alumina  of  the  residue  by  that  of  the  fresh  rock  (in  this  particular  case 
1.155),  the  final  quotient  being  multiplied  by  KK).  X  then  equals  the  percentAge  of  the  originftl 
constituent  saved  in  the  residue  and  Y  the  percefltage  of  the  same  constituent  lost. 

X  Quart.  Jour.  Geol.  Soc.  of  London,  vol.  xxxv,  1879,  part  2,  p.  586. 

I  In  this  paper,  it  will  be  remembered,  the  writer  contented  himself  with  calculating  the  results 
of  analyses  back  to  a  water-free  basis,  whereby  an  "apparent  loss*'  of  only  some  3  per  c«nt  of 
material  was  indicated  as  against  14.03  per  cent  by  this  method. 
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of  the  magnesia ;  45.88  per  cent  of  the  potash ;  95.37  per  cent  of  the  soda ; 
42.40  per  cent  of  the  silica,  and  21.38  per  cent  of  the  alumina  have  dis- 
appeared.   In  the  case  of  the  granite,  where  the  decomposition  was  much 

Ancdtj9es  of  fre$h  and  decomposed  Diabase  from  Spanish  Ouianay  Venezuela, 


Constituents. 

• 

• 
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O 

1 

Percentage  gain  or 
loss  for  entire  rock. 

Percentage  of  each 
constituent  saved. 

Percentage  of  each 
constituent  lost. 

SiO, 

49.35 
15.30 

43.38 
18.36 
20.39 

20.92 
3.27 
0.00 

57.60 

78.62 

100.00 

42.40 

A1,0, 

21.38 

Jz^azi^ 

Fe,0. 

0.00 

*  ^^^^3 • .••• •• 

FeO 

12.28 
9.60 
7.38 
.85 
1.98 
3.25 

CaO 

2.37 
3.45 
0.59 
0.14 
11.34 

8.05 
5.12 
0.33 
1.82 
4.18* 

39.51 

16.17 

30.63 

54.12 

4.63 

228.62* 

83.23 

MeO 

61.37 

K,0 

45.88 

Na,0 

95.37 

Ijni 

0.00 

100.00 

100.00 

Analyses  of  fresh  and  disintegrated  Oraniiefrom  the  District  of  Columbia, 
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85.11 
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14.89 
3.23 


0.00 


74.79 

25.21 

98.51 

1.49 

71.38 

28.62 

68.02 

31.98 

60.00 

40.00 

349.62* 

0.00 

*GaiD. 
XM— Bull.  Gsok  Soc.  Ax.,  Vol.  7,  1896. 
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less,  the  total  loss  of  materials  amounts  to  but  13.46  per  cent,  with  gain? 
in  volatile  constituents  as  before.  Of  the  individual  constituents,  28.6*2 
per  cent  of  the  original  soda ;  31.98  per  cent  of  the  potash  ;  25.21  per  cent 
of  the  lime ;  40  per  cent  of  the  phosphoric  acid ;  14.89  per  cent  of  the 
silica,  and  3.23  per  cent  of  the  alumina  have  disappeared. 

It  need  scarcely  be  observed  that  these  results  cannot  be  considered  ab- 
solutely satisfactory.  The  fact  that  it  is  found  necessary  to  change  our 
basis  for  calculation  as  occasion  demands,  from  the  alumina  to  the  iron 
oxide,  in  order  to  avoid  an  actual  and  presumably  impossible  gain  in 
certain  constituents,*  shows  at  once  that  the  method  is  liable  to  serious 
error.  Moreover,  as  in  all  such  cases,  any  slight  change  in  the  figures  of 
the  analysis  is  exaggerated  in  those  of  the  resulting  calculations.  1  be- 
lieve such  errors  to  be,  however,  always  on  the  side  of  too  low  estimates 
of  the  material  lost,  and  in  spite  of  the  acknowledged  inaccuracy,  it  seems 
to  me  to  be  one  yielding  very  interesting  and,  when  proper  allowances 
are  made,  instructive  results  as  well. 

Time  Limit  and  Extent  op  Disintegration. 

As  was  the  case  with  the  disintegrated  rocks  of  the  District  of  Columbia, 
we  are  enabled  here  also  to  fix  a  geological  limit  to  the  beginnings  of  dis- 
integration. As  above  noted,  the  dike  occurs  in  a  region  of  extensive 
glaciation.  This  is  so  evident  and  well  known  as  to  need  no  confirmatory 
statement.  That  the  disintegration  and  decay  into  which  the  rock  has 
fallen  is  subsequent  to  the  glaciation,  and  is  not  an  isolated  case  of  pro- 
tection from  erosion,  as  might  at  first  be  thought,  is  shown  by  the  presence 
of  glacial  striaj  still  traceable  over  the  surface  of  portions  of  the  decom- 
posed dike  and  the  deposit  of  till  overlying  it,  as  shown  in  the  plate.  It 
is,  of  course,  possible  that  decomposition  had  set  in  prior  to  the  period 
of  glaciation.  That  the  process  had  not  gone  on  extensively,  however,  is 
evident  from  the  fact  that  the  material  was  still  sufficiently  firm  to  receive 
the  glacial  markings.  We  are  apparently  safe  in  assuming  that  this  dis- 
integration and  decay,  or  degeneration,  as  I  have  called  the  combined 
processes,  and  which  extends  to  a  depth  of  30  feet,  or  perhaps  50  feet  or 
more  along  joint  plains,  is  mainly  postglacial.f  That  the  degeneration 
has  here  gone  on  more  extensively  than  in  other  dikes  of  the  vicinity  is 
due,  as  the  writer  believes,  to  its  coarse  and  somewhat  granular  structure, 

^  The  tablen  for  the  Venesuela  diabase,  wheD  recalculated  on  aa  alumina  constant  basis,  showed 
the  total  loss  of  all  constituents  to  be  33.08  per  cent,  with  an  apparent  gain  of  3.35  per  cent  in  iron 
oxides.  This  gain  is  doubtless  due  in  part  to  a  change  in  condition  from  FeO  to  FetO|.  Th« 
granite  analyses,  similarly  calculated*  showed  a  total  loss  of  9.74  per  cent,  with  an  apparent  gAia 
of  1.16  FetOs  and  0.05  per  cent  MgO. 

t  This  is  the  conclusion  also  reached  by  Crosby.  Technological  Quarterly,  vol.  iii,  no.  3,  AufC'i^t, 
1890,  p.  237. 
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and  also  to  the  character  of  the  alteration  which  had  gone  on  prior  to  and 
contemporaneous  with  degeneration. 

I  have  often  noted,  both  in  eastern  Massachusetts  and  elsewhere,  that 
in  cases  where  the  mineral  alteration  had  given  rise  to  epidote  and  free 
(|uartz,  as  is  the  case  in  many  of  the  diabasic  dikes  hereabouts,  they  resist 
decomposition  even  more  successfully  than  do  the  granitic  and  other 
rocks  by  which  they  may  be  inclosed.  Where,  on  the  other  hand,  the 
alteration  yielded  mica,  chloritic  and  zeolitic  compounds,  degeneration 
ahnost  invariably  ensues. 

Relative  Rapidity  of  Rock- weathering  in  high  and  low  Latitudes. 

An  impression  is  still  to  some  extent  prevalent  to  the  effect  that  rocks 
(iecompose  more  rapidly  in  warm  and  moist  than  in  cold  climates.  This 
is  shown  in  the  writings  of  Kerr,  Stubbs,  Storer,  Branner  and  others. 
W.hile,  owing  to  abundance  of  vegetation  and  other  supposed  favorable 
conditions,  a  more  rapid  decomposition  may  possibly  be  expected,  such 
has  not  as  yet  been  proven  to  actually  take  place,  and  indeed  many 
facts  tend  to  prove  the  impression  quite  erroneous.  Lack  of  decompo- 
sition products  in  high  latitudes  is  not  infrequently  due  to  glaciation  or 
erosion  by  other  means,  as  has  been  suggested  by  Pumpelly.* 

Whitney ,t  Chamberlain  and  Salisbury  J  have  shown  the  presence  of 
residual  clays  of  all  thickness  up  to  25  feet  in  the  driftless  area  of  Wis- 
consin, and  Chamberlain  §  has  described  limited  areas  of  strongly  de- 
composed gneiss  in  the  nonglacial  areas  of  Greenland. 

Moreover,  we  have  no  actual  proof  that  the  action  of  frost  is  on  the 
whole  protective,  as  is  stated  by  Branner.  ||  It  must  be  remembered  that 
frost  penetrates  to  but  a  slight  depth,  and,  while  it  undoubtedly  puts  a 
temporary  stop  to  chemical  action  on  the  immediate  surface,  it  remains 
yet  to  be  shown  that  the  mechanical  disruption  which  there  ensues  is  not 
as  efficacious  as  would  have  been  the  chemical  agencies  alone  had  they 
been  permitted  to  continue  their  work.  Through  bringing  about  a  finely 
fissile  or  pulverulent  structure,  whereby  a  vastly  greater  amount  of  mate- 
rial becomes  exposed,  frost  on  and  near  the  surface  prepares  the  way  for 
chemical  action  at  a  thousandfold  more  rapid  rate  than  could  otherwise 
have  been  possible.^ 

*  Am.  Joar.  Sci.,  toI.  zvil,  1879,  p.  133. 

tR«p.  Oeol.  Sarvey  of  Wisconsin,  1861. 

t  Sixth  Ann.  Rep.  U.  S.  Geol.  Survey,  1884-*86. 

I  Bull.  Geol.  9oc.  Am.,  TOl.  6, 1896,  p.  818. 

I  Ibid.,  vol.  7, 1896,  p.  282. 

fThat «  fk-igld  climate  is  moeh  more  trying  on  stone  exposed  in  the  walls  of  a  bailding  is  a  fact 
Apparently  well  established.  Indeed,  tlie  action  of  frost  and  the  constant  expansion  and  con- 
traction from  natural  temperature  variations  are  among  the  most  potent  of  agencies  in  promoting 
the  disintegration  of  stones  so  used.  See  Stones  for  Building  and  Decoration,  Wiley  ft  Sons,  New 
York. 
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Columbia,  or  a  residual  clay,  as  in  the  more  superficial  portions  of  the 
saprolitic  deposits  to  the  southward.  In  certain  cases,  or  among  certain 
classes  of  rocks,  the  decomposition  proceeds  at  so  rapid  a  rate  that  there 
is  scarcely  any  apparent  prelimi nary  disintegration.  Local  circumstances 
and  character  of  rock  masses  being  the  same,  we  are,  however,  apparently 
safe  in  assuming  that  in  warm  and  moist  climates  decomposition  follows 
so  closely  upon  disintegration  as  to  form  the  more  conspicuous  feature 
of  the  phenomenon,  while  in  dry  regions,  or  those  subject  to  energetic 
frost  action,  mechanical  processes  prevail  and  disint^ration  exceeds  de- 
composition. I  can  but  regard  this  point  as  one  of  considerable  geolog- 
ical significance.  The  source  of  certain  materials  forming  secondary 
rocks  being  known,  it  is  possible  that  from  their  condition,  as  regards 
decomposition,  we  may  be  able  to  draw  some  conclusions  as  to  existing 
climatic  conditions  at  the  time  of  their  formation ;  or  if  not  of  climatic 
conditions,  at  least  some  idea  as  to  relative  rapidity  of  formation,  an 
arkose  indicating  either  that  physical  agencies  due  to  climatic  conditions 
prevailed,  or  else  that  the  rapidity  of  disint^ration,  transportation  and 
deposition  was  such  that  chemical  agencies  had  little  chance  to  get  in 
their  work. 

These  remarks  are  intended  to  be  applicable  mainly  to  silicious  rocks. 
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Introductory. 


The  granitic  rocks  of  Missouri  are  the  only  massive  crystallines  occur- 
ring between  central  Arkansas  and  lake  Superior  and  between  the  Appa- 
lachians and  the  Rocky  mountains.  They  are  the  most  ancient  rocks 
exposed  m  the  central  Mississippi  basi^.  As  irregular,  discontimiotts 
fields  and  isolated  hills  the  crystalline  masses  are  scattered  over  a  district 

ZLII-Bvu.  Gml.  Soc.  Am.,  Vol.  7,  1806.  (363) 
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of  more  than  3,000  square  miles,  in  the  southeastern  part  of  the  state. 
They  are  all  igneous  in  origin  and  pre-Cambrian  in  age. 

Important  as  the  region  is  as  a  mining  district,  and  as  much  as  has 
been  done  toward  an  inquiry  into  the  nature  of  the  mineral  deposits,  it 
is  somewhat  remarkable  that  so  little  attention  has  been  paid  to  decipher- 
ing the  stratigraphy  of  the  region.  Only  very  recently  have  the  stratified 
rocks  begun  to  receive  serious  attention,  while  until  lately,  when  their 
consideration  was  taken  up  by  Haworth  *  according  to  modern  petro- 
graphical  methods,  hardly  anything  was  known  regarding  the  crystalline 
rocks  beyond  their  mere  existence. 

General  geological  Features  of  the  Region. 

The  crystalline  area  of  southeastern  Missouri  is  a  highland  district, 
and  constitutes  what  has  been  recently  t  termed  the  Saint  Francois 
mountain  group.  It  forms  in  this  state  the  eastern  portion  of  the  Ozark 
uplift  and  is  a  part  of  the  granitic  foundation  which  has  been  exposed 
through  profound  erosion.  Around  the  nucleus  of  ancient  crystallines 
the  strata  of  the  subsequently  deposited  formations  are  grouped  in  con- 
centric belts  of  greater  or  less  breadth.  The  crystalline  nucleus  is  com- 
posed almost  entirely  of  granites,  porphyries,  and  diabases. 

In  many  places  an  imperfect  bedding  is  often  noticeable  in  the  por- 
phyries and  granites,  which  fact  formerly  gave  rise  to  the  belief  that 
these  rocks  were  sediments  which  had  undergone  metamorphism  to  such 
an  extent  that  they  were  now  in  the  last  stages  of  the  process.  It  has 
been  recently  demonstrated  that  the  apparent  lines  of  sedimentation  are 
in  reality  pseudo-stratification  planes,  and  that  they  have  been  developed 
in  a  way  that  is  widespread  among  rocks  which  have  cooled  from  molten 
magmas. 

The  continuity  of  the  massive  rocks  is  interrupted  by  numerous  lines 
of  fracture.  Most  of  these  are  merely  joint-planes,  many  are  slight  feult 
lines,  while  still  others  have  the  walls  spread  apart,  the  space  being  filled 
with  basic  material  forming  dikes,  which  are  sometimes  of  considerable 
breadth. 

The  joint-planes  form  several  diflTerent  series.  Great  uniformity  in 
direction  is  exhibited  by  those  belonging  to  the  most  prominent  set. 
Slight  deviations  occur,  but  the  general  trend  is  north  60®  east.  The 
second  series  makes  angles  of  80  and  100  degrees  with  the  more  promi- 
nent one. 

•  Missouri  Oeol.  Survey,  vol.  viii,  1896,  pp.  80-228. 
t  Missouri  Geol.  Survey,  Iron  Mountain  Sheet,  1894,  p.  4. 
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Faulting  is  commonly  quite  unimportant,  the  throw  being  usually  not 
more  than  a  few  feet.  Some  notable  exceptions,  however,  are  known. 
The  position  and  extent  of  the  dislocations  are  more  clearly  defined  in 
the  stratified  rocks  than  in  the  crystallines. 

Dikes  of  basic  rock  occur  rather  abundantly.  They  vary  from  a  few 
inches  to  50  yards  or  more  in  width  and  cut  the  granites  and  porphyries 
alike.  Nowhere  have  they  been  observed  to  penetrate  the  overlying 
sedinnentaries.  Their  number  and  wide  distribution,  the  great  weight 
and  black  color  of  the  rock  composing  them,  and  their  peculiarities  in 
weathering  cause  them  to  attract  wide  attention. 

The  crystalline  masses  of  the  region  are  all  older  than  the  sedimentary 
strata  which  everywhere  rest  unconformably  upon  these  rocks.  A  long 
period  of  erosion  is  represented  by  this  unconformity.  Abundant  evi- 
dence shows  that  when  the  sedimentary  rocks  were  laid  down  the  diver- 
sity of  surface  relief  was  even  greater  than  at  the  present  time.  To  this 
very  marked  irregularity  in  the  pre-Cambrian  surface  may  be  ascribed 
many  anomalous  stratigraphic  features  which  are  met  with  throughout 
the  region. 

The  sedimentaries  are  represented  by  an  extensive  succession  of  mag- 
nesian  limestones  with  intercalated  sandstones.  Almost  always  the 
latter  immediately  cover  the  pre-Cambrian  elevations;  they  also  occupy 
positions  between  the  calcareous  beds. 

The  stratified  rocks  dip  away  in  all  directions  from  the  central  crystal- 
line area.  Younger  and  younger  strata  successively  form  the  surface 
rocks  as  the  distance  increases  from  the  porphyry  hills.  The  Paleozoic 
is  well  represented  from  the  Cambrian  to  the  Carboniferous.  From  Iron 
mountain  to  the  nearest  point  on  the  Mississippi  river,  a  distance  of  30 
miles  in  a  northeasterly  direction,  the  entire  sequence  from  the  basal 
granite  through  the  Cambrian,  Ordovician,  Silurian,  Devonian,  and  Car- 
boniferous to  the  Coal  Measures,  is  passed  over. 

The  CRYSTALLINE   RoCKS. 
TYPES  REPRESENTED. 

During  the  past  few  years  the  crystalline  rocks  of  Missouri  have  been 
carefully  mapped,  and  the  geographic  distribution  of  the  principal  varie- 
ties determined.  It  is  due,  however,  to  the  petrographical  investigations 
of  Haworth  *  that  the  various  mineralogical  and  structural  types  have 
been  made  out. 
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Tabulated,  they  are  as  follows : 


Granites. 


Granular 


Porphyritic 


(  Granite  (proper). 

•<  Granitite. 

(^  Hornblende-granite. 

'  Granite-porphyry- 

feldspathic. 
'  Granite-porphyry- 
^     quartzose. 


-phenocrystfl 
-phenocrygts 


^  Granophyric  ....     Granophyre. 


Porphyries 


I 


Porphyrite. 

C  Microgtanite. 

t  L  Vitrophyre. 


Dike  rocks 


Ophitic 


f  Diabase. 

( Olivine-diabase. 


P/^t^i.^i^*fA  i  Diabase  porphyrite. 

rorpnynte |  Quartz-diabase-porphyrite. 

The  subordinate  types  require  no  special  elaboration  in  the  present 
connection.  All  the  basic  rocks,  with  a  few  possible  exceptions,  occur 
in  narrow  dikes  and  may  be  also  neglected.  Only  the  two  leading  facies 
of  the  acid  rocks  demand  particular  attention. 

LITBOLOQICAL  CHARACTBRS  OF  THE  GRANITES. 

The  granites  are  rather  coarse  grained  rocks,  of  a  reddish  to  grayish 
color.  They  are  almost  wholly  mixtures  of  orthoclase  and  quartz,  with 
a  little  biotite  or  hornblende  as  the  third  essential  component.  The 
plagioclase  feldspars  occur  sparingly ;  the  accessories,  magnetite,  zircon 
and  apatite,  are  present  only  in  minute  crystals  and  are  not  abundant 
One  of  the  most  striking  features  in  the  mineralogical  constitution  of 
these  rocks  is  their  poverty  in  the  ferromagnesian  silicates. 

As  a  rule  the  texture  approaches  the  porphyritic  and  the  rock  passes 
into  a  true  granite-porphyry.  Phenocrysts  an  inch  or  more  in  lenjjth 
are  not  infrequent  in  many  places.  On  the  other  hand  the  rock  becomes 
fine  grained,  graduating  finally  into  typical  porphyry.  In  the  porphy- 
ritic facies  of  the  granite  the  feldspars  make  up  the  greater  part  of  the 
groundmass.    The  individuals  have  so  interfered  with  one  another  in 
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sir  growth  that  they  have  produced  a  hypidiomorphic,  granular  mass 
which  quartz  grains  occur  abundantly.  Occasionally  the  latter  have 
tie  of  their  crystallographic  faces  preserved.  In  acidity  the  rocks  are 
^htly  above  the  average  of  similar  masses  from  other  parts  of  the  world, 
en  reaching  77  per  cent  of  silica  (SiO,). 

LITHOLOGY  OF  THE  rOBPHYRIES, 

The  fine  grained  acid  rocks  are  generally  of  a  reddish  color;  there  is, 
wever,  a  wide  range  from  light  pink  to  a  dull,  dark  gray  or  purple, 
texture  there  is  considerable  variation.  The  groundmass  is  dense 
d  very  finegrained.  It  assumes  all  gradations,  from  a  coarse  micro- 
mite  to  a  fine  divitrified  glass.  Through  the  groundmass  are  scattered 
andantly  large  individuals  of  quartz  and  feldspar,  the  phenocrysts. 
e  fine  grained,  compact  character  of  the  rock  enables  it  to  resist  degra- 
tional  influences  in  a  remarkable  way,  as  is  shown  by  the  fragments 
isened  in  jointing,  which  preserve  sharply  all  their  irregularities  long 
cr  the  granite  boulders  have  become  perfectly  rounded  or  entirely 
jayed.  The  rugged  topographic  forms  also  clearly  indicate  the  same 
>perties  of  withstanding  weathering  influences.  The  fracture  of  the 
rphyry  is  splintery  or  subvitreous. 

What  has  already  been  said  regarding  the  mineralogical  composition 
the  granite  applies  also  to  the  porphyry.  The  chief  constituents  are 
the  feldspar  and  quartz,  but  the  diSerence  in  the  stracture  of  the  rock 
results  in  very  different  relationships.  The  accessories,  zircon,  magnetite 
and  apatite,  are  found  scattered  through  the  groundmass.  The  ferro- 
magnesian  ingredients  are  not,  as  a  usual  thing,  well  developed.  The 
feldspars  are  the  same  as  those  of  the  granite  and  comprise  the  three 
varieties,  orthoclase,  microcline  and  albite.  They  range  from  grains  of 
microscopic  dimensions  in  the  groundmass  to  large  phenocrysts  nearly 
an  inch  in  length.  The  porphyritic  crystals  of  quartz  are  frequently 
rounded,  with  the  characteristic  embayments  due  to  partial  remelting 
before  the  original  solidification  of  the  mass. 

The  most  striking  differences  between  the  granite  and  porphyry  are 
shown  when  thin  sections  of  the  two  rocks  are  examined  under  the  micro- 
scope. Thefine  grained  matrix  in  which  are  imbedded  the  larger  crystals 
at  once  characterizes  the  latter  type.  The  groundmass  varies  consider- 
a})ly,  from  the  typical  microgranitic  structure  to  an  almost  glassy  one, 
which,  however,  is  usually  so  thoroughly  devitrified  that  its  original 
character  can  hardly  be  recognized.  The  various  phases  which  are  es- 
pecially noticeable  are  the  microgranitic,  granophyric,  micropegmatitic, 
felsophyric,  vitrophyric  and  spherulitic.  A  particularly  interesting 
fecies  is  the  trachytic,  in  which  the  minute  crystals  of  lath-shaped  feld- 
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spars  are  arranged  the  same  as  in  diabase.     The  phenocrysts  are  mainlT 
quartz,  though  feldspars  are  not  of  infrequent  occurrence. 

CONSANQUINITY  OF  THE  ACID  ROCKS, 

Nowhere  does  a  sharp  line  of  demarkation  exist  between  the  porphyry 
and  the  granite.  When  closely  associated  the  two  kinds  of  rocks  merge 
into  each  other  gradually.  The  transition  zone  varies  in  different  places 
from  a  dozen  to  a  hundred  or  more  yards  in  width.  It  appears  to  afford 
good  evidence  that  in  general  the  two  rock  masses  represent  not  neces- 
sarily numberless  separate  eruptions,  as  once  believed,  but  for  all  practical 
purposes  a  single  one  or  comparatively  few,  with  special  differentiation 
in  the  different  parts. 

As  already  stated,  the  chemical  composition  of  the  granite  and  the 
porphyry  is  the  same.  Their  mineralogical  constitution  is  likewise  es- 
sentially identical.  The  chief  difference  discernible  between  them  is 
merely  in  the  size,  arrangement  and  relations  of  the  components.  Since 
the  structural  characters  of  igneous  rocks  are  dependent  largely  if  not 
entirely  upon  the  accidental  physical  conditions  under  which  the  molten 
magmas  have  cooled  and  solidified,  it  is  of  prime  importance  in  the  con- 
sideration of  the  relations  of  different  phases  of  the  same  body  of  rock  to 
take  into  account  the  fundamental  principles  involved  in  the  production 
of  the  several  fades.  It  is  a  well  known  fact  that  under  ordinary  cir- 
cumstances the  texture  of  a  rock  mass  of  igneous  origin  is  glassy  or  very 
fine  grained  at  the  surface,  and  as  the  distance  from  its  exposed  face 
increases  the  grain  becomes  coarser.  Granite  is  commonly  regarded  as 
a  deep  seated  rock,  one  which  has  solidified  very  slowly  and  under  great 
pressure.  Porphyry  is  formed  where  the  pressure  has  not  been  so  enor- 
mous and  where  the  cooling  has  been  retarded  less.  All  the  stages  may 
exist  in  the  same  mass,  but  in  the  very  old  rocks  devitrification  has  taken 
place  in  the  glassy  portions,  and  other  secondary  changes  have  usually 
greatly  obscured  or  totally  obliterated  the  original  features.  Moreover, 
degradation  has  often  acted  vigorously  and  erosion  has  removed  much 
of  the  original  surface  of  the  rocks. 

In  the  district  under  consideration  just  such  conditions  as  those  de- 
scribed appear  to  have  prevailed.  It  has  been  observed  that,  with  a  fenr 
exceptions,  wherever  the  granite  and  porphyry  occur  together  the  former 
occupies  the  lower  levels.  Within  the  larger  granite  areas,  wherever 
high,  steep  sided  hills  exist,  the  coarse  grained  rock  graduates  upward 
into  fine  grained  varieties  and  finally  into  the  typical  aphanitic  porphyn' 
which  forms  a  protecting  cap  to  the  elevation.  These  gradations  upward 
of  the  granite  into  porphyry  are  especially  well  shown  in  the  case  of  cer- 
tain isolated  hills,  and  probably  it  would  be  found  equally  true  in  most 
cases  if  proper  means  of  observation  were  afforded.    The  principal  granite 
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masses  appear  clearly  to  he  areas  in  which  the  superior  fine  grained 
facies  have  been  removed  through  erosion.  The  physiographic  features 
of  the  region  point  to  the  same  conclusion,  as  will  be  hereafter  noted. 

Origin  op  the  massive  Crystallines  and  their  present  Configuration. 

summary  of  opinion. 

Since  the  time  when  King  *  made  his  first  "  Remarks  on  the  Geology 
of  the  State  of  Missouri  "  there  has  been  considerable  difference  of  opin- 
ion as  to  the  true  character  of  the  acid  crystallines,  but  in  all  this  half 
century  until  very  recently  little  has  been  done  beyond  making  general 
observations  regarding  the  origin.  More  has  been  said,  however,  regard- 
ing the  old  configuration  of  the  region. 

Swallow  t  said  nothing  about  the  crystallines  after  making  a  general 
allusion  to  their  igneous  nature  and  giving  a  brief  litholbgical  descrip- 
tion. Shumard  J  likewise  only  briefly  alluded  to  these  rocks  in  his  report 
on  Sainte  Genevieve. county. 

The  view  Pumpelly  §  took  was  that  the  porphyry  region  and  the  Ozarks 
generally  had  been  above  the  sealevel  from  a  very  early  period.  "  The 
higher  portion  of  the  elevation  does  not  seem  to  have  been  submerged 
since  before  the  Upper  Silurian  period,  while  broad  areas  in  the  flanks 
of  the  range  have  apparently  been  dry  land  since  the  Carboniferous." 

In  Broadhead's  account  ||  of  Madison  county  the  massive  crystallines 
are  regarded  as  metamorphosed  sediments  which  have  been  broken 
through  by  dikes  of  quartz,  greenstone,  dolerite  and  specular  iron  ore. 
In  subsequent  allusion  to  the  subject  the  view  presented  lately  ^[  is  the 
reiterated  statement  that  the  crystalline  peaks  have  remained  above  the 
sealevel  since  early  Cambrian  times. 

Winslow**  follows  closely  the  views  previously  expressed  by  Pumpelly 
and  by  Broadhead  that  the  crystallines  have  been  subjected  to  weather- 
ing agencies  since  Archean  times. 

BBCBNT  INVESTIQA  TIONS. 

During  the  past  few  years  the  massive  crystallines  of  the  region  have 
been  the  subject  of  special  inquiry  by  Haworth,tt  who  has  studied  with 
the  microscope  the  rocks  from  nearly  all  parts  of  the  area.  He  has  shown 
beyond  all  doubt  that  they  are  all  igneous  in  origin  and  not  highly  meta- 

•  Proe.  Amer.  Asftoc.  Adv.  Science,  toI.  v,  1851,  pp.  182-2W). 

tOeol.  Sarvey  of  Miseiourf,  Ist  nnd  2d  Ann.  Reports,  1855,  pp.  1S4-I35. 

X  Geol  Surrey  of  Missouri,  1866-'71, 1873,  p.  300. 

IGeol.  Survey  of  Missouri,  Iron  Ores  and  Coat  Fields,  1873,  p.  8. 

I  Oeol.  Survey  of  MiMSOuri,  vol.  i,  i874,  p.  348. 

f  American  Geologist,  vol.  xiv,  1806,  p.  383. 

^  Missouri  Oeol.  Survey,  Iron  Mountain  Sheet,  1894,  p.  6. 

ft  Missouri  Oeol.  Survey,  Bull.  6, 1881,  pp.  6-42. 
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morphosed  sediments,  as  was  once  supposed.  The  most  important  ob- 
servation is  that  in  general  the  porphyries  and  granites  were  formed  about 
the  same  time,  and  that  consequently  neither  can  be  r^arded  as  younger 
than  the  other.  *  Numerous  cases  are  noted  in  which  the  complete  transi- 
tion from  one  facies  to  the  other  takes  place  within  a  very  short  distance. 
The  conclusion  is  also  reached  that  there  are — 

"  Good  reasons  for  believing  that  many  of  the  prominent  porphyry  hills  are  the 
results  of  individual  outbursts,"  and  that  they  "are  formed  of  the  lava  which 
reached  the  surface  and  formed  variously  shaped  volcanic  mountains  or  hills  and 
monticules,  the  lava  of  which  would  connect  directly  with  the  deeper  seated  ma- 
terial." t 

Still  more  recently  J  the  problem  of  the  present  distribution  and  rela- 
tions of  the  granites  and  porphyries  have  been  considered  anew,  with 
special  stress  placed  upon  the  physiographic  evidences,  and  very  sug- 
gestive results  have  been  obtained. 

General  areal  Distribution. 

Stripped  of  its  various  thin  patches  of  sedimentaries  the  main  body 
of  massive  crystallines  forms  a  broadly  oval  area  about  50  miles  long. 
Of  this  the  granite  occupies  about  one-fourth,  but  is  confined  almost  ex- 
clusively to  a  single  large  mass  in  the  northeastern  part  of  the  district 
Beyond  the  limits  of  the  chief  porphyry  area  there  are  numerous  mounds 
which  rise  out  of  the  general  limestone  field.  Outside  of  the  main  granite 
body  there  are  also  other  localities  where  the  coarse  grained  rock  occurs, 
but  the  areas  are  small  and  rarely  exceed  a  superficial  extent  of  one 
square  mile.  As  incidentally  observed  by  Haworth  and  others,  the  gran- 
ites as  a  rule  occupy  the  lower  ground  when  occurring  near  the  porphy- 
ries, but  the  full  significance  of  the  fact  seems  to  have  escaped  notice. 
Many  of  the  peculiarities  and  irregularities  in  the  present  surface  dis- 
tribution are  without  doubt  due  to  pre-Cambrian  erosion,  but  recent 
erosive  agencies  have  also  modified  extensively  the  effects  produced  dur- 
ing the  more  ancient  cycles.  In  this  connection,  however,  it  is  unneces- 
sary to  go  beyond  the  main  features  relative  to  the  geographic  distribu- 
tion of  the  principal  masses. 

Physiography  op  the  Region. 
main  characteristics, 

The  crystalline  district  of  Missouri  forms  the  eastern  end  of  the  crest 
of  the  Ozark  uplift.    It  is  a  semialpine  region,  with  prominent  solitary 

^Missouri  GeoL  Survey,  Tot.  Till,  1895,  p.  2ia. 

t  Ibid.,  p.  819. 

{  Missoarl  Ge«1.8arvey,  vol.  iz,  18W,  yt  Iv. 
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peaks  irregularly  distributed  rather  than  arrayed  in  ranges  and  ridges. 
The  extremes  of  altitude  are  about  500  to  1,800  feet  above  tide  level. 
The  general  elevation  is  in  the  neighborhood  of  1,000  feet. 

In  the  extreme  eastern  part  of  the  crystalline  district  two  principal 
types  of  topography  are  represented.     One  is  made  up  of  a' very  much 
broken  or  hilly  region ;  the  other  is  a  broad  plain,  with  rather  rough, 
rolling  surface.    The  first  of  these  comprises  the  porphyry  peaks  which 
constitute  a  portion  of  the  Saint  Francois  mountains,  a  group  of  more  or 
less  rugged  hills  which  stretch  away  to  the  south  westward  in  an  inter- 
minable succession  of  tumuli  of  nearly  uniform  height.     There  is  no 
systematic  arrangement  discernible  in  these  prominent  surface  features. 
Although  indistinctly  defined  ridges  may  be  sometimes  made  out,  the 
rule  is  isolated  mounds,  large  and  small,  rising  irregularly  behind  one 
another.    The  landscape  presents  a  number  of  the  more  important  ones, 
all  of  nearly  the  same  height,  equally  distant  from  one  another,  and  sur- 
rounded by  smaller  hills.    The  peaks  stand  out  in  marked  contrast  above 
the  surrounding  valleys.     Owing  to  the  resistant  character  of  the  pricipal 
ma.S8ive  rocks,  disintegration  goes  on  much  more  slowly  than  with  the 
sedimentaries.    Hence  the  slopes  of  the  porphyry  hills  are  much  steeper 
than  any  of  the  others.    Along  the  streams  where  the  waters  impinge 
against  the  banks  perpendicular  walls  are  often  formed,  which  rise  to  a 
height  of  200  or  300  feet  before  the  surface  of  the  mounds  assumes  a 
normal  slant. 

Being  beyond  the  limits  of  glaciation,  the  inequalities  of  the  indurated 
rock  surface  have  not  been  softened  or  modified  by  accumulations  of  extra- 
Hmital  detritus,  and  ice  debris  has  in  no  way  altered  or  obscured  the 
topographic  expression. 

The  present  topographic  features  are  the  product  of  two  cycles  of 
erosion.  The  evidence  of  the  earlier  of  these  is  now  nearly  obliterated 
by  the  vigorous  action  which  has  characterized  the  later. 

The  leading  features  of  the  area  indicate  with  great  clearness  both  the 
comparative  resistance  of  the  various  rocks  and  the  geological  structure 
of  the  region.  The  stratified  rocks  dip  rapidly  to  the  north,  east  and  south, 
away  from  the  central  granite  mass.  All  the  rocks  are  hard  and  resist- 
ant, but,  as  compared  with  one  another,  marked  differences  are  found  in 
this  respect.  With  the  vigorous  erosion  which  has  lately  been  renewed 
the  effects  of  the  varying  hardness  of  the  several  rock  masses  greatly  in- 
tensifies the  contrasts  of  the  relief.  Hence  the  areas  occupied  by  por- 
phyry, granite,  cherty  limestone,  ordinary  limerock  and  sandstone  all 
differ  in  their  topographic  physiognomy,  but  the  several  types  may  be 
readily  grouped  into  two  principal  phases,  of  which  one  forms  an  upland 
and  the  other  a  lowland  plain.     The  first  is  the  deeply  incised  construc- 

XLIII— Bull  Oxol.  Soc.  Am.,  Vol.  7,  1895. 
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tional  surface — the  Tertiary  peneplain — and  the  second  is  a  moderatelv 
dissected  plain  lying  at  a  somewhat  lower  level. 

TER  riA  R  Y  PEN E PL  A  IN. 

The  most  notable  physiographic  feature  of  Missouri  is  the  great  Ter- 
tiary peneplain  which  forms  the  general  surface  of  the  Ozark  uplift.   All 
of  the  present  topographic  expression  of  the  southern  part  of  the  State, 
varied  as  it  is,  is  but  the  effect  of  erosion  in  the  effort  to  again  reduce  the 
region  to  baselevel.     In  no  part  of  the  uplift,  unless  it  be  in  the  Saint 
Francois  district,  does  any  portion  of  the  pre-Tertiary  surface  project 
above  the  broad  constructional  plain,  and  even  here  the  nearly  uniform 
height  to  which  the  numberless  peaks  rise  would  indicate  that  they  also 
were  practically  obliterated  in  Tertiary  time,  at  least  as  prominent  sur- 
face features.    At  the  extreme  end  of  the  uplift,  where  the  crest  begins 
to  pitch  to  the  eastward  and  within  the  boundaries  of  what  is  called  the 
Mine  la  Motte  district,  the  remnants  of  the  peneplain  which  constitute? 
the  upland  are  found  only  in  the  southern  or  southwestern  part  and  in 
the  northeastern  portion.     The  latter  is  separated  from  the  southwestern 
upland  by  a  broad  expanse  of  lowland.    The  areas  of  upland  possess 
rugged  relief,  particularly  in  the  southwest.     The  northeastern  district 
forms  a  part  of  the  drainage  divide  which  separates  the  waters  which  flow 
directly  into  the  Mississippi  river  from  those  which  flow  in  the  opposite 
direction  into  the  Saint  Francois.     The  foundations  of  the  upland  are 
the  hardest  rocks — in  the  southwest  the  porphyries  and  in  the  other  parts 
cherty  limestones. 

The  region  occupied  by  the  former  is  deeply  cut  by  the  streams,  the 
principal  one  being  the  Saint  Francois  river,  which  traverses  the  area  in 
a  general  north-to-south  direction.  The  tributaries  are  small,  numerous, 
torrential.  The  valleys  are  contracted  and  steep-sided,  and  the  floo^i 
plains  very  narrow.  Above  them  the  porphyry  hills  rise  in  high,  r^u- 
larly  rounded  mounds  with  almost  precipitous  slopes. 

The  persistent  strength  of  the  other  portion  of  the  upland  surface  in 
the  northeast  is  a  hard,  very  cherty  limestone  which  overlies  softer,  less 
silicious  beds  of  limerock.  Beyond  the  limits  of  the  district  the  upland 
is  continuous,  and  the  portions  appearing  within  the  boundaries  are  long 
lobes  or  extensions  which  project  out  from  main  body.  These  ridge-like 
elevations  terminate  abruptly  in  steep  slopes  which  form  sections  ol  a 
rather  pronounced  escarpment  of  tortuous  course,  but  having  a  genenii 
trend  of  northwest  and  southeast.  The  sides  of  the  declivity  pres<^"^ 
sharply  incised  or  crenulated  outlines.  The  hills  formed  are  thickly 
covered  by  the  hard  cherty  fragments  which  obscure  or  totally  hide  the 
strata  underlying.    Several  prominent  chert  covered  hills  which  occupy 
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isolated  positions  beyond  the  boundaries  of  the  escarpment  appear  to  be 
remnants  of  the  steep  slope  at  a  time  when  it  extended  out  into  the  low- 
hmd  much  further  than  at  present.  These  solitary  mounds  often  pre- 
sent a  striking  contrast  to  the  surrounding  country  and  form  conspicuous 
features  of  the  local  landscape. 

FARMINGTON  LOWLAND  PLAIN. 

• 

The  median  plain  which  occupies  a  large  portion  of  the  Mine  la  Motte 
country  is  a  part  of  a  broad  zone  that  extends  over  a  much  more  exten- 
sive area.  It  is  limited  on  the  east  by  the  irregular  cherty  escarpment 
of  the  upland  forming  the  divide  between  the  Mississippi  and  Saint  Fran- 
cois rivers.  On  the  west  the  porphyry  hills  interrupt  its  continuity. 
The  general  elevation  of  the  plain  is  about  1,000  feet  above  mean  tide. 
This  level  is  700  to  800  feet  below  the  horizon  of  the  great  peneplain 
(figure  1). 

s'a.^- t<,*>^<  •-'*  v<  ^ r  *-;< ^>  w^  \\  <  ^fs<^y^<^^ ''-'  J  " v>»^^' 


Figure  i. — Geological  Cross-section  of  Farmington  lowland  Plain. 

The  rocks  of  the  Farmington  plain  are  soft,  or  at  least  succumb  much 
more  easily  to  meteorologic  influences  than  do  the  fine  grained  crys- 
tiiUines  and  the  chert-bearing  dolomites.  The  principal  features  are  the 
outcome  of  rather  vigorous  erosive  action  upon  limestones  and  sand- 
stones and  the  general  surface  is  rolling.  Wherever  the  calcareous  beds 
predominate,  the  topographic  outlines  are  rounded  and  greatly  softened ; 
where  sandstones  occur  the  relief  is  bolder.  In  the  lowland  the  river 
valleys  have  a  tendency  toward  a  broad,  open  type,  in  contradistinction 
to  those  of  the  upland,  where  narrow,  contracted  gorges  prevail.  The 
extent  of  the  plain,  however,  is  not  confined  to  the  areas  of  limestone 
and  sandstone,  but,  with  some  modifications,  covers  also  the  granites. 
The  latter,  disintegrating  much  more  readily  than  the  porphyries,  leave 
the  areas  occupied  by  the  fine  grained  rocks  standing  far  above  them. 
The  surfece  relief  of  the  granite  district  is  noticeably  more  rugged  than 
that  of  the  sedimentary  areas,  but  the  comparative  resistances  of  the  two 
kinds  of  rock  are  not  so  diverse  but  that  the  areas  occupied  by  them 
may  all  be  grouped  together. 

The  lowland  is  manifestly  a  plain  of  denudation.     It  is  the  product  of 
a  former  cycle  whose  work  was  interrupted  before  completion.    In  point 
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of  time  this  cycle  was  a  later  one  than  that  represented  by  the  Tertiary 
peneplain  and  immediately  preceded  the  present  one.  ITie  effects  of  the 
present  cycle  of  erosion  are  well  shown  in  the  sharply  cut  trenches  in 
the  plain,  where  erosion  has  recently  been  accelerated  with  vigor. 

Relations  of  principal  Types  of  acid  Rocks  to  physiographic 

Provinces. 

Recently  topographic  maps  have  been  made  of  a  portion  of  the  region 
on  a  scale  of  one  inch  to  the  mile  and  with  a  contour  interval  of  20  feet. 
These  sheets  have  afforded  means  of  accurate  comparison  of  different 
parts  of  the  district  which  were  previously  not  available.  In  the  four 
occupied  by  the  Farmington,  Mine  la  Motte,  Iron  Mountain  and  Bonne 
Terre  districts,  two  marked  physiographic  provinces  have  been  distin- 
guished, as  already  stated.  There  is  a  highland  plain  and  a  lowland 
plain.  The  great  granite  mass  of  the  region  lies  entirely  within  the  low- 
land plain.  To  the  eastward  it  is  covered  by  the  limestone,  which  fomis 
the  drainage  divide  between  the  Saint  Francois  and  Mississippi  river 
systems ;  but  beyond  the  ridge  the  granite  again  appears  in  some  of  the 
stream  beds,  as  at  Jonca  (see  plate  17). 

From  the  relationship  established  between  the  large  granite  area  and 
the  lowland  plain  of  denudation,  the  inference  is  that  at  this  point  in  tlie 
Ozark  uplift  the  surface  facies  of  the  granitic  mass  has  been  removed 
through  erosion,  in  part  perhaps  in  pre-Cambrian  times,  but  largely 
at  a  very  recent  period.  The  fact  that  the  surface  facies  has  been  actu- 
ally eroded  is  shown  by  several  high,  isolated  hills  which  rise  out  of  the 
granite  area.  Some  of  these,  as  Knob  Lick,  for  instance,  are  still  capped 
by  porphyry.  They  clearly  indicate  that  from  the  surrounding  area 
granite  to  a  depth  of  over  400  feet  has  been  removed  in  addition  to  the 
surface  shell  of  porphyry. 

It  is  a  noteworthy  fact  that  the  large  granite  area  is  at  the  extreme 
eastern  end  of  the  Ozark  crest.  Not  onl}'  are  the  three  slopes  fully  ex- 
posed to  erosive  agencies,  but  proximity  to  the  Mississippi  river  brings 
the  extremes  of  altitude  so  closely  together  that  the  general  erosion  of  the 
region  is  at  a  maximum  at  this  point.  Attention  has  been  lately  called 
to  the  apparently  modern  date  of  the  Ozark  uprising  and  the  very  recent 
acceleration  of  its  growth,  as  clearly  shown  in  certain  physiographic  fea- 
tures. The  place  of  most  pronounced  elevation  seems  also  to  be  in  the 
Saint  Francois  district.  This  and  the  unusually  favorable  conditions  for 
rapid  erosion  have  been  the  direct  cause  of  the  removal  of  an  amount  of 
material  greater  than  in  any  other  part  of  the  uplift  and  the  exposure  of 
rocks  more  ancient  than  at  any  other  point.     Three  thousand  feet  would 
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probably  be  a  very  conservative  estimate  of  the  thickness  of  the  strata, 
most  of  which  remained  as  a  covering  over  the  crystalline  hills  until  a 
very  recent  period.  The  column  embraces  a  good  representation  of  the 
entire  PiUeozoic  above  the  middle  Cambrian. 

Age  of  the  massive  Crystallines. 

While  not  wholly  pertinent  to  the  theme  under  consideration,  it  may 
not  be  entirely  out  of  place  to  touch  briefly  upon  the  question  of  the 
geological  age  of  the  granitic  rocks.  In  the  preceding  pages  it  may  have 
been  noticed  that  all  specific  allusions  to  their  antiquity  have  been  care- 
fully avoided.  Nothing  more  than  the  general  statement  of  their  pre- 
Cambrian  origin  has  been  offered.  The  reason  is  this :  there  is  now  q. 
considerable  element  of  doubt  that  their  geological  age  is  really  what  it 
has  been  generally  assumed  to  be. 

All  who  have  had  occasion  to  discuss  the  granites  and  porphyries  have 
ajinreed'  in  assigning  them  to  the  Archean.  A  single  possible  exception  is 
Van  Hise,  *,  who  incidentally  states  that  the  granites  may  be  of  the  same 
age  as  the  elastics  containing  or  associated  with  the  ore  beds  of  Pilot 
Knob  and  neighboring  mountains.  Haworthf  may  also  have  had  a  little 
doubt  as  to  the  correctness  of  the  ^'eferences  of  the  granite  to  the  Archean 
when  he  states : 

'*  It  ia  quite  remarkable  that  this  comparatively  large  Archean  area  should  differ 
so  wi<1el y  from  the  ordinary  Archean  rocks  of  America.  Instead  of  being  composed 
principally  of  great  masses  of  gneiss  and  schist,  not  a  single  instance  of  either  of 
these  has  been  found,  but  in  their  stead  are  granites,  porphyries,  and  porphy rites." 

The  absence  of  gneissic  and  schistose  rocks  in  the  massive  crystalline 
area  is  a  noteworthy  fact.  It  is  particularly  suggestive  in  the  light  of  the 
discovery  in  a  deep-well  boring  near  Kansas  City  of  real  evidences  of 
squeezed  rocks.  The  hole,  which  was  made  Vy  a  diamond  drill,  reaches 
a  depth  of  nearly  2,600  feet.  The  core  at  the  bottom  is  li  inches  in  diam- 
eter. The  last  30  feet  are  reported  to  be  in  the  rock,  which  examina- 
tion shows  to  be  a  black  mica-schist,  the  cleavage  planes  of  which  have 
a  dip  of  35  degrees.  If  the  natural  inferences  are  correct,  the  entire 
Paleozoic  sequence  from  the  base  of  the  Upper  Coal  Measures  has  been 
piissed  through  in  a  vertical  distance  of  less  than  half  a  mile;  the  schis- 
tose floor,  upon  which  rests  the  unaltered  sedimentaries,  has  been  reached 
in  Missouri,  and  Archean  rocks  are  present  which  are  not  unlike  the  more 
typical  areas  in  other  parts  of  the  American  continent.    This  being  the 

•  U.  S  Oeol.  Sarvey,  Bull.  86, 1895,  p.  604. 
t  Communictttion. 
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case,  the  normal  and  unchanged  granitic  rocks  of  the  Saint  Francois  region 
probably  do  not  belong  to  the  Archean  at  all,  but  to  that  recently  estab- 
lished system  which  represents  the  enormous  interval  of  time  between  the 
formation  of  the  truly  Azoic  rocks  and  deposition  of  the  lowest  Cambrian. 

Summary. 

Recapitulating  briefly,  it  may  be  stated  that — 

1.  The  granites  and  porphyries  are  very  closely  related  genetically,  and 
are  to  be  regarded  as  facies  of  the  same  magma. 

2.  Whatever  may  have  been  their  origin,  whether  from  a  few  or  many 
points  of  extravasation,  the  present  relations  of  the  two  are  that  the 
porphyry  is  an  upper  and  surface  facies  of  the  granite.  The  thickness  of 
the  former  is  variable,  having  been  originally  unequall3»^  developed  in 
different  places  and  subsequently  modified  by  both  ancient  and  recent 
erosion. 

3.  The  present  geographic  distribution  of  the  granites  and  porphyries 
is  the  outcome  of  very  recent  changes  in  the  topographic  configuration 
of  the  region,  and  is  not  of  very  ancient  origin,  as  has  been  usually  con- 
sidered to  be  true. 

4.  The  existing  areal  relations  of  the  principal  masses  of  the  acid  rocks 
may  be  traced  directly  to  the  systematic  and  widespread  effects  of  recent 
orogenic  action  upon  the  physiography. 

5.  An  element  of  uncertainty  regarding  the  geological  age  of  the  mas- 
sive crystalline  rocks  now  prevails,  and  the  determination  of  their  exact 
age  may  perhaps  always  remain  an  unsolved  problem. 

6.  The  basal  complex  of  Archean  schists  exists  in  Missouri  within  a 
very  moderate  distance  beneath  the  highest  Paleozoics.  It  differs  widely 
in  lithological  characters  from  the  crystallines  of  the  state,  which  have 
been  usually  referred  to  that  age,  but  clearly  approaches  the  more  typical 
Archean  rocks  of  other  districts. 
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Introduction. 


Geologists  today  may  be  divided  into  two  schools  r^arding  the  origin 
of  regions  of  comparatively  smooth  surface  from  which  a  large  volume 
of  overlying  rocks  have  been  removed.  These  re^ons  occur  under  two 
conditions :  First,  as  buried  "  oldlands "  on  which  an  unconformable 
cover  of  later  formations  has  been  deposited,  the  oldlands  being  now  more 
or  less  locally  revealed  by  the  dissection  or  stripping  of  the  cover ;  second, 
as  uplands  or  plateaus  whose  once  even  surface  is  now  more  or  less 
roughened  by  the  erosion  of  valleys. 

The  older  school,  now  represented  chiefly  by  English  geologists,  follows 
the  theory  of  Ramsay,  and  regards  these  even  oldlands  as  plains  of 
marine  denudation.  The  newer  school,  represented  chiefly  by  American 
geologists,  but  also  by  a  number  of  continental  European  geologists,  may 
be  said  to  follow  Powell,  who  first  emphatically  called  attention  to  the 
possihility  of  producing  plains  by  long  continued  subaerial  denudation. 
Tlie  present  review  of  the  question  first  cites  a  number  of  extracts  fi-om 
various  representatives  of  the  two  schools,  and  then  seeks  for  a  test  by 
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which  the  rival  conclusions  may  be  distinguished,  the  test  being  devel- 
oped  from  a  study  of  the  natural  history  of  rivers. 

The  English  School. 

Ramsay  is  believed  to  have  been  the  first  advocate  of  marine  erosion 
as  an  agency  for  the  production  of  broad  plains  of  denudation.  In  de- 
scribing the  action  of  the  sea  on  the  land  he  wrote : 

'*  The  line  of  greatest  waste  on  any  coast  is  the  average  level  of  the  breakers. 
The  effect  of  such  waste  is  obviously  to  wear  back  the  coast,  the  line  of  denudation 
being  a  level  corresponding  to  the  average  height  of  the  sea.  Taking  unlimited 
time  into  account,  we  can  conceive  that  any  extent  of  land  might  be  so  destroyed, 
for  though  shingle  beaches  and  other  coast  formations  will  apparently  for  almost 
any  ordinary  length  of  time  protect  the  country  from  the  furtlier  encroachments 
of  the  sea,  yet  the  protections  to  such  beaches  being  at  last  themselves  worn 
away,  the  beaches  are  in  the  course  of  time  destroyed,  and  so,  unless  checked  l)y 
elevation,  the  waste  being  carried  on  forever,  a  whole  country  might  gradually 
disappear. 

"  If  to  this  be  added  an  exceedingly  doiv  depremon  of  the  land  and  sea  bottom, 
the  wasting  process  would  be  materially  assisted  by  this  depression,  brinj^ing  the 
land  more  uniformly  within  the  reach  of  the  sea,  and  enabling  the  latter  more  rap- 
idly to  overcome  obstacles  to  further  encroachments,  created  by  itself  in  the  shape 
of  beaches.  By  further  gradually  increasing  the  depth  of  the  surroundiuj?  water, 
ample  apace  would  also  be  afforded  for  the  outspreading  of  the  denuded  matter. 
To  such  combined  forces,  namely,  the  itvaving  away  of  coasts  by  the  sea,  and  the 
spreading  abroad  of  the  material  thus  obtained,  the  great  plain  of  shallow  sound- 
ings which  generally  surrounds  our  islands  is  in  all  probability  attributable.*** 

At  this  early  date  Ramsay  attributed  not  only  the  plains  themselves, 
but  also  the  valleys  which  now  interrupt  ancient  and  uplifted  plains  of 
denudation,  in  greatest  part  to  marine  action,  and  allowed  but  little 
effect  to  subaerial  denudation.    On  this  topic  he  said : 

''The  power  of  running  water  has  also  considerably  modified  the  surfiice,  bnt 
the  part  it  has  played  is  trifling  compared  with  the  effects  that  have  sometime? 
been  attributed  to  its  agency.  ...  In  the  larger  valleys,  where  the  streams 
are  sluggish,  instead  of  assisting  in  further  excavations,  the  general  tendency  i^ 
often  rather  to  fill  up  the  hollow  with  alluvial  accumulations,  and  so  help  to 
smooth  the  original  irregularities  of  the  surface.'*  f 

Thirty  years  later  Ramsay  ascribed  greater  results  to  subaerial  agents. 
Referring  to  the  generally  even  sky-line  of  South  Wales,  he  wrote : 

''  The  inclined  line  that  touches  the  hilltops  must  have  represented  a  great  plain 
of  marine  denudation.  Atmospheric  d^radation,  aided  by  sea  waves  on  the  cliffs 
by  the  shore,  are  the  only  powers  I  know  of  that  can  denude  a  country  so  a^  to 


*  DeniidAtion  of  South  Wales.    Mem.  Oeol.  Sur?.  Great  Britain,  vol.  1, 1846,  p.  327. 
t  Ibid.,  pp.  332,  3.13. 
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shave  it  acroes  and  make  a  plain  sorfi&oe  either  horizontal  or  gently  inclined.  If  a 
country  be  sinking  very  gradually  and  the  rate  of  waste  by  all  causes  be  propor- 
tionate to  the  rate  of  sinking,  this  will  greatly  assist  in  the  production  of  the  phe- 
nomena  we  are  now  considering." 

When  raised  out  of  the  water — 

''  The  streams  made  by  its  drainage  immediately  began  to  scoop  out  valleys,  and, 
though  some  inequalities  of  contour  forming  mere  bays  may  have  been  begun  by 
marine  denudation  during  emergence,  yet  in  the  main  I  believe  that  the  inequali- 
ties below  the  [level  of  the  plain[(  have  been  made  by  the  influence  of  rain  and 
running  water."  * 

Greenwood,  an  early  advocate  of  the  efficacy  of  **  rain  and  rivers," 
(1857),  directed  his  arguments  against  the  prevailing  belief  of  the  time 
that  valleys  were  carved  by  marine  currents,  but  does  not  Seem  to  have 
considered  the  possibility  of  producing  plains  by  the  long  continued 
weathering  and  washing  of  the  land. 

The  important  paper  by  Jukes,  on  the  "  Formation  of  .  .  .  river 
valleys  in  the  south  of  Ireland,"!  still  finds  many  followers  among 
English  geologists.  Like  Ramsay,  Jukes  assumed  an  uplifted  plain  of 
marine  denudation  on  which  the  rivers  of  today  b^an  their  erosive  work 
(page  399),  but  he  did  not  specify  slow  depression  during  the  marine 
denudation. 

Lyell  said  little  on  the  problem  before  us.  His  "  Principles"  do  not 
discuss  plains  of  denudation.  His  **  Elements  of  Geology  "  J  allow  only 
small  valleys  to  stream  work,  and  ascribe  the  larger  valleys  "to  other 
causes  besides  the  mere  excavating  power  of  rivers  "  (page  70).  It  is  said 
that  '^  denudation  has  had  a  leveling  influence  on  some  countries  of 
shattered  and  disturbed  strata  "  (page  71).  Again,  "  in  the  same  manner 
as  a  mountain  mass  may,  in  the  course  of  ages,  be  formed  by  sedimentary 
deposition,  layer  after  layer,  so  masses  equally  voluminous  may  in  time 
waste  away  by  inches;  as,  for  example,  if  beds  of  incoherent  materials 
are  raised  slowly  in  an  open  sea  where  a  strong  current  prevails  "  (page 
70).  The  problem  of  subaerial  denudation  here  discussed  was  not  then 
formulated. 

The  writings  of  Sir  A.  Geikie  oflfer  several  interesting  quotations. 
When  describing  the  general  uniformity  of  the  sky-line  over  the  Scotch 
Highlands  in  the  first  edition  (1865)  of  the  "  Scenery  of  Scotland,"  he 
writes : 

''In  other  words,  these  mountain  tops  are  parts  of  a  great  undulating  plain  or 
table-land  of  marine  denudation.    .    .    .    The  marine  denudation  prohahly  went 

*  Phys.  Oeol.  and  Oeogr.  Great  Britain,  6th  ed..  1878,  pp.  497, 498. 
t  Qaart.  Jotim.  Oeol.  Soc.,  yol.  xyiii,  1662,  pp.  378-403. 
i  6th  edition,  1868. 
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on  during  many  oecillations  of  level,  and  the  general  resolt  would  bence  be  the 
production  of  a  great  table-land,  some  parts  rising  gently  to  a  height  ol  many  hun- 
dred feet  above  other  portions,  yet  the  whole  wearing  that  general  tameness  and 
uniformity  of  surface  characteristic  of  a  table-land  where  there  are  neither  any  con- 
spicuous hills  towering  sharply  above  the  average  level  nor  any  valleys  sinking 
abruptly  below  it.  .  .  .  The  valleys  which  now  intersect  it  .  .  .  have 
probably  been  dug  out  of  it  by  the  agencies  of  denudation.  If  therefore  it  were 
possible  to  replace  the  rock  which  has  been  removed  in  the  excavation  of  then: 
hollows  the  Highlands  would  be  turned  into  a  wide  undulating  table-land,  sloping 
up  here  and  there  into  long  central  heights  and  stretching  out  between  them  league 
after  league  with  a  tolerable  uniformity  of  level.  And  in  this  rolling  plain  we 
should  find  a  restoration  of  a  very  ancient  sea ''  (pages  106-108). 

On  earlier  pages,  subaerial  agents  are  described  as  producing  valleys  and 
cliffs,  while  the  sea,  aided  by  the  atmosphere,  produces  a  plain  of  marine 
denudation. 

An  essay  "  On  modern  denudation  "  *  by^  the  same  author  recognizes 
that  plains  of  denudation  are  reduced  mainly  by  subaerial  forces,  but 
concludes  that  *'  undoubtedly  the  last  touches  in  the  long  processes  of 
sculpturing  were  given  by  waves  and  currents,  and  the  surface  of  the 
plain  corresponds  with  the  lower  limit  of  the  action  of  these  forces  *' 
(page  186). 

In  the  second  edition  (1887)  of  this  delightful  book  on  the  Scenery  of 
Scotland,  argument  is  still  directed  against  the  prejudice  that  mountains 
are  due  to  local  upheaval ;  in  a  word,  against  the  prepossession  that  moun- 
tainous districts  like  the  Scotch  Highlands  are  constructional  forms  not 
significantly  modified  by  denudation ;  but  greater  value  is  given  to  sub- 
aerial  agencies  than  before : 

*'  The  more  we  consider  the  present  operations  of  subaerial  denuding  agentB,  tlie 
more  we  shall  be  convinced  that  a  system  of  hills  and  valleys,  with  all  the  local 
varieties  of  scenic  feature  that  now  diversify  the  surface  of  the  earth,  may  be 
entirely  produced  by  denudation,  without  further  help  from  underground  forces 
than  the  initial  uplift  into  land.  No  matter  what  may  be  the  original  configura- 
tion of  the  mass  of  land,  the  flow  of  water  across  its  surface  will  inevitably  carve 
out  a  system  of  valleys  and  leave  ridges  and  hills  between  them  *'  (page  IM). 

The  possibility  of  producing  a  plain  by  a  continuance  of  this  process 
is  not  here  alluded  to,  but  on  an  earlier  page  the  aid  of  shore  waves  is 
called  on : 

"The  limit  beneath  which  there  is  little  effective  erosion  by  waves  and  tidal 
currents  probably  does  not  exceed  a  very  few  hundred  feet.  Worn  down  to  that 
limit,  the  degraded  land  would  become  a  submarine  plain,  across  the  surface  of 
which  younger  deposits  might  afterward  be  strewn ''  (page  92). 

*  Tranv.  Geol.  Soc.  Glasgow,  vol.  iil,  18«8,  p.  163. 
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On  later  pages  (137  and  138)  the  author  continues : 

'*  The  table-land  of  the  Highlands  has  been  the  work  not  of  subterranean  action, 
but  of  superficial  waste.  The  long  flat  surfiuses  of  the  Highlaifd  ridges,  cut  across 
the  edges  of  the  vertical  strata,  mark,  I  believe,  fragments  of  a  former  baselevel  of 
erosion.  In  other  words,  they  represent  the  general  submarine  level  to  which  the 
Highland  region  was  reduced  after  protracted  exposure  to  subaerial  and  marine 
denudation.  The  valleys  which  now  intersect  the  table-land  .  .  .  have  been 
eroded  out  of  it.  If,  therefore,  it  were  possible  to  replace  the  rock  which  has  been 
removed  in  the  excavation  of  these  hollows,  the  Highlands  would  be  turned  into  a 
wide,  undulating  table-land ;  .  .  .  and  in  this  rolling  plain  we  should  find  a 
restoration  of  the  bottom  of  a  very  ancient  sea.  ...  Its  mountains  were  levelled ; 
its  valleys  were  planed  down ;  and  finally  the  region  was  reduced  to  a  baselevel 
of  erosion  beneath  the  waves.  .  .  .  Some  central  tracts  of  higher  ground  may 
have  been  left  as  islands."  * 

In  Geikie's  "  Text-book  of  Geology  "  subaerial  denudation  is  regarded 
08  providing  a  greater  amount  of  detritus  than  marine  denudation,  and 
a  significant  modification  is  made  of  Ramsay's  interpretation  of  plains 
of  marine  denudation.    In  the  actual  production  of  such  plains — 

*'  The  sea  has  really  had  less  to  do  than  the  meteoric  agents.  A  *  plain  of  marine 
denudation  *  is  that  sea-level  to  which  a  mass  of  land  had  been  reduced  mainly  by 
the  subaerial  forces,  the  line  below  which  further  degradation  became  impossible, 
because  the  land  was  thereafter  protected  by  being  covered  by  the  sea.  Undoubt- 
edly the  last  touches  in  the  long  process  of  sculpturing  were  given  by  marine  waves 
and  currents,  and  the  surface  of  the  plain,  save  whei^  it  has  subsided,  may  corre- 
fiI)ond  generally  with  the  lower  limit  of  wave  action."  t 

Plains  or  peneplains  of  subaerial  denudation,  elevated  into  a  new  cycle 
of  erosion  without  waiting  to  be  planed  oflf  by  the  sea,  are  not  explicitly 
considered.  Under  **  terrestrial  features  due  to  denudation  "  it  is  stated 
that— 

"Table-lands  may  sometimes  arise  from  the  abrasion  of  hard  rocks  and  the  pro- 
duction of  a  level  plain  by  the  action  of  the  sea,  or  rather  of  that  action  combined 
with  the  previous  degradation  of  the  land  by  subaerial  waste.  Such  a  form  of  sur- 
face may  be  termed  a  table-land  of  erogion*^  (page  939). 

*I  hATe  elsewhere  (London  Geographic  Journal,  vol.  y,  1805,  p.  i:^)  taken  the  ]ibei*ty  of  ques- 
tioning the  geological  date  assigned  by  Geitcie  to  this  baseleveling.  He  states  that  *'  the  great 
(lenudaiion  which  leveled  the  old  Highland  table-land  was  far  advanced  before  the  close  of  the  Old 
iU:d  Sandstone  period"  (page  IM).  Undoubtedly  a  vast  denudation  was  accomplished  before 
and  during  that  time,  for  the  heavy  strata  of  the  Old  Red  lie  on  the  greatly  denuded  edges  of 
more  ancient  roclcs;  but  the  even  table-land,  restorable  from  the  summits  of  the  mountains  and 
ridges  of  today,  seems  to  be  of  more  modern  date,  because,  since  the  deposition  of  the  Old  Red, 
siKnificaDt  deformation  has  taken  place,  whereby  a  peneplain  of  earlier  date  must  have  been  here 
eleraied,  there  depressed.  The  table-land  now  recognisable  appears  to  be  the  result  of  denuda- 
tion on  the  deformed  Old  Red  peneplain.    There  has  been  plenty  of  time  for  its  production. 

t  Second  edition,  1885,  pp.  434, 435. 
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That  an  author  who  haa  so  ably  discussed  the  relative  competence  of 
marine  and  subaerial  denudation  should  not  give  explicit  account  of 
plains  worn  down  under  the  air  and  afterward  uplifted  and  dissected, 
illustrates  how  strongly  the  doctrine  of  marine  denudation  has  been  im- 
pressed on  the  geologists  of  today. 

Brief  citation  may  be  made  from  a  number  of  other  books  and  essays. 

The  able  article,  *'The  Denudation  of  the  Weald,"*  in  which  Foster 
and  Topley  did  so  much  to  advance  the  modern  understanding  of  the 
subaerial  origin  of  valleys,  assumed  that  the  streams  of  southern  England 
began  to  act  on  an  uplifted  plain  of  marine  denudation,  and  firom  this 
arbitrary  beginning  explained  the  transverse  valleys  by  which  the  chalk 
escarpments  around  the  Weald  are  trenched  (page  473). 

Maw  in  his  essay,  "Notes  on  the  comparative  structure  of  surface 
produced  by  subaerial  and  marine  denudation,"  f  contrasts  hills  and 
valleys  carved  by  rain  and  rivers  with  plains  of  denudation  carved  by 
the  sea. 

In  the  same  way  Wynne  wrote  "  On  denudation  with  reference  to  the 
configuration  of  the  ground  "  J  and  concluded  that — 

*'  Rain  seems  to  act  vertically,  its  tendency  always  being  to  produce  steep  ground 
where  it  is  not  accumulating  materials.  Thus  we  are  obliged,  in  the  absence  of 
anything  more  likely  to  produce  them,  to  attribute  the  formation  of  plains  to  the 
action  of  the  sea"  (page  10). 

A  little  later  Whitaker,  when  advocating  the  origin  of  cliffs  and  escarjH 
ments  by  subaerial  denudation,  said  that  nature  *'  uses  the  sea  to  cane 
out  continents  and  islands ;  rain  and  rivers  to  cut  out  hills  and  valleys."'  § 

Mackintosh  in  his  "  Scenery  of  England  and  Wales"  (1869)  carries  the 
doctrine  of  marine  erosion  to  an  extreme  and  allows  hardly  anything  (« 
subaerial  agencies.  Even  the  inner  Triassic  lowlands  of  England,  inside 
of  the  oolitic  escarpment,  are  ascribed  to  marine  denudation.  ''  Tlie  sea 
must  have  mainly  given  rise  to  the  inequalities  of  the  earth's  surface,  so 
far  as  they  are  the  result  of  denudation  "  (page  292). 

It  appears,  therefore,  that  the  active  discussion  in  England,  of  which 
the  above  extracts  give  some  indication,  did  not  consider  the  possibility 
of  subaerial  baseleveling,  but  was  concerned  chiefly  with  the  origin  of 
valleys  by  rain  and  rivers.  Since  the  settlement  of  this  question,  land 
sculpture  has  not  received  much  attention  from  English  geologists,  as  the 
following  extracts  from  a  later  period  will  show. 

Green  says,  "  the  even  surface  that  would  result  from  the  action  of 

*  Quart.  Journ.  Oeol.  Soo ,  vol.  xxl,  1866,  pp.  443-474. 
fOeol.  Magazine,  vol.  iii,  1866,  pp.  4S1M5I. 
X  Geol.  Magazine,  vol.  iv,  1867,  pp.  3-10. 
§  Geol.  Magazine,  vol.  iv,  1867,  p.  IM. 
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marine  denudation  is  called  a 'plain  of  marine  denudation.'"*  No 
appreciable  wearing  takes  place  below  the  level  of  the  lowest  tides.  No 
mention  is  made  of  a  cover  of  sediments  as  a  characteristic  accompani- 
ment of  the  plain  of  denudation,  and  no  consideration  is  given  to  the 
plains  of  subaerial  denudation ;  only  the  lesser  inequalities  of  land  form 
are  ascribed  to  subaerial  agencies. 

The  edition  of  "  Phillips'  Manual  of  Geology,"  by  Etheridgeand  Seeley 
(1885),  briefly  describes  plains  of  marine  denudation  (page  131),  and 
under  subaerial  denudation  goes  no  further  than  to  explain  the  origin  of 
valleys. 

Woodward,  in  his  valuable  summary  of  the  "  Geology  of  England  and 
Wales,"  t  follows  his  predecessors  in  adopting  the  idea  of  marine  denuda- 
tion for  the  production  of  plains. 

Jukes-Brown  writes : 

"  Plains  of  eroBion  are  those  which  have  been  formed  by  marine  erosion  across 
the  edges  and  outcrops  of  strata  without  reference  to  their  inclination,  flexures,  or 
fractures.  They  are  surfaces  of  planation  fonned  by  the  march  of  the  sea  across 
the  country.    The  limestone  plains  of  central  Ireland  may  be  cited  as  an  instance. "  t 

Subaerial  agencies  are  not  considered  beyond  the  formation  of  valleys. 
For  example : 

*'  As  soon  as  this  surface  produced  by  marine  erosion  is  elevated  into  dry  land,  it 
is  subjected  to  the  detritive  action  of  the  subaerial  agencies  already  described,  and 
is  ultimately  carved  out  into  new  forms  of  hill  and  valley  "  (page  565). 

Detritive  and  erosive  agencies  are  grouped  under  two  heads : 

"  1.  Marine  agencies,  which  act  along  the  margin  of  the  land,  and  tend  to  produce 
an  approximate  level  surface  or  plain.  2.  Subaerial  agencies,  which  act  over  the 
whole  snrflEice  of  the  land,  and  tend  to  produce  a  system  of  valleys  and  watersheds* 
hollows  and  relative  eminences"  (page  564). 

In  discussing  breaches  in  the  escarpments  and  ,hill  ranges  of  the 
Wealden  district,  the  same  author  says : 

"The  only  explanation  of  these  facta  is  .  .  .  marine  erosion  first  produceil 
a  surface  of  planation  across  the  whole  district  while  it  was  being  slowly  elevated, 
BO  that  this  original  surface  sloped  gently  from  a  central  line  toward  the  north  and 
south.  The  primary  streams  naturally  followed  these  slopes,  .  .  .  forming?  the 
transverse  valleys"  (page 581). 

Richthofen  is  the  leading  advocate  of  marine  erosion  among  conti- 
nental geologists.    He  treated  the  origin  of  plains  of  denudation,  inde- 

*  Physical  Geology,  1M2,  p.  677. 

t  Second  edition,  1887. 

X  Hnndbook  of  Physical  Geology,  1892,  p.  620. 
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pendently  of  Ramsay's  writings,  in  his  great  work  on  China,  attention 
being  led  to  the  problem  by  the  occurrence  of  unconformable  marine 
strata  lying  on  smooth  foundations,  as  observed  in  his  eastern  travels. 
He  concludes  that  the  "  oldland  "  platform  cannot  have  been  produced 
by  atmospheric  wasting  or  by  running  water ;  these  agencies  produce 
valleys  separated  by  ridges.  Truly  the  valleys  multiply  and  widen  and 
the  ridges  weaken,  but  reduction  to  a  lowland  can  be  reached  only  locally 
and  in  small  dimensions.  Moreover,  change  in  the  altitude  of  land  works 
against  complete  denudation ;  yet,  although  such  a  result  is  unattain- 
able by  subaerial  agencies,  it  may  be  accomplished  by  the  waves  of  the 
sea  beating  on  the  coast.  Three  cases  are  considered :  a  still-stand  of  the 
land  for  an  indefinite  period,  a  slow  elevation  and  a  slow  depression. 
The  still-standing  land  would  be  cut  inward  to  a  limited  distance,  after 
which  the  waves  would  be  exhausted  on  the  platform  of  their  own  can'- 
ing.  During  elevation  slight  effect  could  -result,  for  the  work  would 
always  be  beginning  anew.  Slow  depression  alone  can  produce  rc^onal 
abrasion,  for  then  the  power  of  the  waves  is  maintained  by  the  continuetl 
sinking  of  the  bottom,  while  detritus  accumulates  on  it.  In  contrast  to 
structural  plateaus  (Schichtungsplateaus),  plateaus  of  denudation  hare 
no  relation  to  the  structures  across  which  they  are  cut  or  to  the  valleys 
which  are  sunk  beneath  their  level  after  general  elevation.  As  example, 
the  Ardennes  and  the  uplands  of  the  middle  Rhine  are  first  mentioned, 
these  bein;;  explained  as  producible  only  b}'  sea  waves ;  never  by  flowing 
water  or  other  subaerial  agents.  Another  example  given  is  the  western 
slope  of  the  Sierra  Nevada  of  California,  now  uplifted  and  dissected.* 

The  substance  of  the  above  is  repeated  in  Richthofen^s  '*  Fvihrer  fur 
Forschungsreisende,"  t  emphasis  being  given  to  the  association  of  plains 
of  denudation  with  unconformably  overlying  sediments,  to  which  the 
English  school  directs  insufficient  attention.  Subaerial  agents  are  de- 
scribed as  excavating  valleys  in  uplifted  plains  of  denudation,  but  not 
in  producing  the  plains  (pages  171-173,  670,  671).  The  prevalence  of 
superposed  streams  in  certain  dissected  uplands  of  abrasion  is  noto<l 
(pages  671,  672),  but  no  contrast  drawn  between  these  examples  and 
others  in  whicli  the  streams  are  systematically  adjusted  to  the  structures. 

Comet  and  Briart  have  made  special  study  of  the  greatly  deforaied 
Paleozoic  rocks  of  Belgium,  which  they  believe  once  rose  in  lofty  moun- 
tains. Although  they  regard  subaerial  agencies  competent  to  produce 
the  "  complete  ablation  "  of  a  land  surface,  they  conclude  that  it  was 
probably  the  waves  of  an  encroaching  sea  that  contributed  lai^gely  to 
destroy  what  remained  of  their  ancient  mountains  in  Cretaceous  time.* 

*  China,  1882,  vol.  ii,  chap,  xiv,  sec.  3.  f  Berlin,  1886,  pp.  353-^1. 

X  Le  relief  dii  sol  en  Belgiqut).    Ann.  Soc.  Geol.,  Kelg.,  It,  1877.  pp.  72-113. 
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Philippson  followa  Richthofen  in  treating  plains  of  denudation — 
**  abrasionsflachen  " — as  the  result  of  wave  action.* 

Thk  American  School. 

Few  American  writers  accept  the  belief  of  the  English  school.  The  first 
clear  recognition  of  the  importance  of  subaerial  baseleveling  should,  I 
believe,  be  credited  to  our  geologists  in  the  western  aurveys.t 

PowelPs  "Exploration  of  the  Colorado  river"  (1875)  brought  the 
American  view  of  the  capabilities  of  subaerial  erosion  more  prominently 
forward,  yet  the  text  does  not  furnish  brief  explicit  statement  directly  to 
the  effect  that  lowlands  of  denudation  may  be  produced  by  subaerial 
agencies.  Extracts  would  lose  their  flavor  apart  from  their  context,  but 
in  figuring  a  section  of  the  wall  in  the  Grand  canyon  the  beveled  sur- 
face of  the  tilted  older  strata  on  which  the  horizontal  Carboniferous  strata 
lie  is  drawn  smooth  and  even.  The  overlying  beds  "are  records  of  the 
invasion  of  the  sea ;  the  line  of  separation  the  record  of  a  long  time 
when  the  region  was  dry  land  "  (page  212).  Here  the  implication  is 
that  the  sea  gained  entrance  by  depression  of  the  baseleveled  land.  The 
overlying  strata  are  regarded  as  the  ruins  of  some  unrepresented  land, 
not  of  the  locally  buried  land.  The  explanation  is  precisely  opposite 
to  that  given  to  similar  structures  by  Richthofen. 

In  Powell's  "  Geology  of  the  Uinta  mountains  "  (1876)  there  is  a  similar 
absence  of  explicit  account  of  baseleveled  plains,  apparently  because 
it  was  not  necessary  to  expand  truisms  so  simple ;  but  the  chapter  on 
degradation  very  clearly  implies  the  capacity  of  subaerial  forces  to  wear 
down  mountains,  however  high  ;  indeed,  its  burden  is  to  show  that  the 
destruction  of  a  lofly  range  is  so  much  accelerated  by  steep  declivity  that 
its  life  cannot  be  much  longer  than  that  of  a  low  range.  ,  Mountains  are 
"  ephemeral  topographic  forms ; "  all  existing  mountains  are  geologically 
recent  (page  197).  All  this  without  once  calling  on  the  aid  of  sea  waves. 
Dutton's  monograph  on  the  *'  Tertiary  History  of  the  Grand  Canyon 
di^itrict"  (1882)  is  most  characteristically  American  in  treatment  as  in 
theme.  Referring  to  the  great  unconformity  near  the  base  of  the  canyon 
walls  in  the  Kaibab  and  Sheavwits  plateaus,  he  says,  on  page  207,  that — 

"The  horizontal  Carboniferous  beds  appear  to  have  been  laid  down  upon  the 
surface  of  a  country  which  ha<i  been  enormously  eroded  and  afterward  submerged." 

*6tii(]ien  fiber  WivH^erscheiden,  1K8G,  p.  100. 

tMarvine  briefly  presented  the  essence  of  the  idea  in  1873,  hut  he  mnde  menlfon  of  mnrine 
sf'tion  in  a  late  stage  of  the  process,  somewhat  after  the  fashion  of  the  English  school.  Describe 
ing  the  east  slope  of  the  Rocky  mountain  front  range,  he  wrote  :  **  The  ancient  erosion  gra'iually 
wore  down  the  mass  of  Archean  rocks  to  the  surface  of  the  sea,  .  .  .  the  mnsswas  finally 
If'veled  off  irrespective  of  structure  or  relative  hardnesses  of  its  beds,  by  the  encroaching  ocean, 
which  worked  over  its  ruins  and  laid  them  down  upon  the  smoothed  surface  in  the  form  of  the 
Triassic  and  other  beds  "  (Hnyden*s  Survey,  Kept,  for  1873,  p.  144). 

XLV— Bui.t.  Gkoi..  9oc.  Am.,  Vol.  7,  1895. 
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The  erosion  followed  uplift,  the  deposition  followed  submei^ence  when 
the  erosion  was  essentially  completed.  Along  the  surface  of  contact 
there  are — 

"A  few  bosses  of  Silurian  strata  rising  higher  than  the  hard  quartzitic  sandstone 
which  forms  the  base  of  the  Carboniferous.  These  are  Paleozoic  hills,  w^iich  were 
buried  by  the  growing  mass  of  sediment.  But  they  are  of  insignificant  niass^  rarely 
exceeding  two  or  three  hundred  feet  in  height,  and  do  not  ap|>ear  to  have  nilfl»Ni 
the  parallelism  of  the  sandstones  and  limestones  of  the  massive  Red  Wall  group 
above  them  **  (page  209). 

On  another  page  (181)  Dutton  says : 

"  The  meaning  of  this  great  unconformity  obviously  is  that  after  a  vast  body  of 
early  Paleozoic  strata  had  been  laid  down  they  were  distorted  by  differential  ver- 
tical movements,  were  flexed  and  faulted,  and  were  elevated  above  the  sea.  Tliey 
were  then  enormously  eroded.    .    .    Still  later  the  region  was  again  submcriged/ 

Over  the  rugged  country  thus  ravaged,  the  later  strata,  perhaps  15,(KK) 
feet  thick,  were  laid  down. 

Many  other  examples  of  the  American  view  may  be  given.  Most  of 
them,  as  in  the  cases  already  cited,  take  no  account  of  the  possibility  that 
the  evenly  abraded  surface  of  the  older  terrane  might  be  es.sentially  the 
product  of  wave  work,  but  tacitly  assume  that  it  resulted  from  subaerial 
erosion,  followed  by  depression,  with  more  or  less  tilting,  so  that  the  8ul>- 
merged  area  comes  to  be  sheeted  over  with  waste  derived  from  some  non- 
submerged  area. 

Irving  concludes  that  in  Wisconsin — 

"An  amount  of  material  vast  beyond  computation  was  removed  from  this  ancient 
land  before  the  encroachment  upon  it  of  the  sea  within  which  the  [Potsdam]  sand- 
stone was  deposited."* 

The  buried  oldland  is  referred  to  as  a  "sub- Potsdam  land  surface."^ 
Van  Hise,  writing  of  the  great  unconformities  below  and  above  the 
Penokee  series  of  Wisconsin  and  upper  Michigan,  implies  great  subaeriiil 
erosion,  by  which  an  uplifted  region  was  reduced  to  a  peneplain ;  depres- 
sion, submergence  and  deposition  of  material  eroded  elsewhere  then  fol- 
lowed. The  essentials  of  the  explanation  are  that  the  Penokee  series 
rests  upon  an  ancient  land  surface,  more  or  less  modified  by  wave  action 
at  the  time  of  submergence,  but  worn  down  from  its  constructional  fonn 
almost  entirely  by  subaerial  agents.J 

Walcott,  recognizing  wave  work  at  the  margin  of  an  encroaching  {«ea 
as  contributing  to  the  formation  of  basal  conglomerates,  nevertheless  ex- 
plains the  great  pre-Cambrian  land  area  of  our  country  as  '*  approaching 

^Seventh  Ann.  Rep.  U.  S.  (teol.  Survey,  18X8,  p.  4<i2.  f  Ibid.,  p.  4<«. 

X  U.  H.  Geol.  Survey,  monograph  xtx,  1892,  pp.  454-406. 
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the  baselevel  of  erosion  over  large  portions  of  its  surface."*  Moreover, 
it  was  a  result  of  continental  depression  and  not  of  erosive  encroachment 
of  the  waves  that  the  upper  Cambrian  sea  gained  its  extension  over  the 
great  interior  of  the  continent  (page  565).  The  relation  of  subaerial  and 
marine  agencies  are  here,  as  in  so  many  instances,  just  reversed  from  their 
proportionate  activities  in  Richthofen's  scheme. 

McGee  was  the  first  to  present  a  clear  statement  of  the  vast  subaerial 
denudation  of  our  Atlantic  slope  in  Mesozoic  time : 

'*  Before  the  initiation  of  Potomac  deposition,  but  subsequent  to  the  accumula- 
tion of  the  Triassic  and  Rhaetic  deposits  and  to  the  displacement  and  diking  by 
which  they  are  affected,  there  was  an  eon  of  degradation  during  which  a  grand 
mountain  system  was  obliterated  and  its  base  reduced  to  a  plain  which,  as  its  topog- 
raphy tells  us,  was  slightly  inclined  seaward  and  little  elevated  above  tide.  .  .  . 
There  followed  a  slight  elevation  of  the  land,  when  the  rivers  attacked  their  beds 
and  excavated  valleys  as  deep  as  those  today  intersecting  the  Piedmont  plain. 
.  .  .  Then  came  the  movement  by  which  the  deposition  of  the  Potomac  forma- 
tion was  initiated ;  the  deeply  ravined  baselevel  plain  was  at  the  same  time  sub- 
meiged  and  tilted  ocean  ward."  t 

It  appears  from  the  foregoing  examples  that,  in  denuded  plains  over 
which  unconformable  sediments  have  been  deposited,  some  late  and  small 
share  in  the  work  of  denudation  may  be  allowed  to  the  shore  waves  as 
they  advance  over  an  already  prepared  peneplain  when  depression  occurs ; 
but  it  is  otherwise  with  those  uplifted  and  dissected  plains  of  denudation 
upon  which  there  is  no  reason  to  think  that  unconformable  sediments 
have  ever  been  deposited.  The  plateau  in  which  the  Grand  canyon  of 
the  Colorado  is  cut  is  an  extraordinary  example  of  this  kind.  It  is, 
moreover,  notable  from  consisting  of  nearly  horizontal  strata,  where  acute 
observation  has  been  needed  to  detect  evidence  of  the  long  cycle  of  ero- 
sion passed  through  before  the  region  was  uplifted  to  its  present  altitude. 

The  great  plateau  is  beveled  obliquely  across  the  Carboniferous  and 
Permian  strata,  so  that  the  undulating  surface  of  the  upland  in  its  medial 
part  presents  Permian  beds  on  the  hills  and  Carboniferous  beds  in  the 
hollows ;  but  to  the  south,  where  the  strata  gently  rise,  the  whole  surface 
is  Carboniferous ;  to  the  north,  where  the  strata  sink,  the  surface  is  en- 
tirely Permian. 

**  We  may  suppose  that  this  entire  region,  at  the  epoch  at  which  the  great  denuda- 
tion of  the  Mesozoic  system  approached  completion,  occupied  a  level  not  much 
above  the  sea.  Under  such  circumstances  it  would  have  been  at  what  Powell  terms 
baselevel  of  erosion.  The  rivers  and  tributaries  would  no  longer  corrade  their 
channels.  The  inequalities  which  are  due  to  laud  sculpture  and  the  general  process 
of  erosion  would  then  no  longer  increase,  and  the  total  energy  of  erosion  would  be 

•Twelfth  Ann.  Rep.  U.  S.  Geol.  Survey,  1891,  p.  662. 

t  Three  formations  of  the  middle  Atlantic  slope.    Am.  Jour.  So!.,  Tol.  xzzt,  1888,  p.  142. 
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occupied  in  reduciii}?  such  inequalities  as  had  been  previously  generated.  During 
periods  of  upheaval,  and  for  a  considerable  time  thereafter,  the  streams  are  catting 
down  their  channels,  and  weathering  widens  them  into  broad  valleys  with  ridges 
between.  The  diversification  so  produced  reaches  a  maximum  when  the  streams 
have  nearly  reached  their  baselevels ;  but  when  the  streams  can  no  longer  corTa4ie, 
and  if  the  uplifting  ceases,  these  diversifications  are  reduced  and  finally  obliterated. 
Such,  I  conceive,  was  the  case  here.  .  .  .  The  entire  region  was  planed  down 
to  a  comparatively  smooth  surface."  * 

Willis  first  called  attention  to  the  occurrence  of  an  uplifted  and  dis- 
sected peneplain  of  subaerial  denudation  in  the  mountains  of  North 
Carolina,!  and  Hayes  and  Campbell  have  since  then  shown  the  great 
extent  and  area  of  this  ancient  land  surface.  J  Willis  and  Hayes  have 
lately  described  the  northern  and  southern  Appalachians,  §  giving  much 
attention  to  the  essential  extinction  of  the  mountains,  except  in  the  Caro- 
lina highlands,  in  late  Cretaceous  time.  The  first  author  writes  of  the 
lowland  thus  produced :  "  The  land  was  flat,  featureless  and  very  slightly 
elevated  above  the  sea  "  (page  189).  The  second  author  writes  :  "  Tiie 
whole  region  was  reduced  to  a  nearly  featureless  plain,  relieved  only  by 
a  few  groups  of  monadnocks  where  the  highest  mountains  now  stand  ■' 
(page  330). 

Emerson  writes  of  the  Berkshire  hills  in  western  Massachusetts : 

"  Erosion  planed  away  the  mountains  to  the  jj^eneral  level,  which  can  still  be  seen 
in  the  average  level  of  the  plateau,  pitching  slightly  east.  *  *  *  When  this 
peneplain  was  formed  it  was  doubtless  horizontal  and  near  the  sealevel,  and  ^t^^ 
what  is  called  a  baselevel."  || 

Salisbury  says  that  the  even  crest-lines  of  the  New  Jersey  highlands 
tell  of  **  mountainous  elevations  reduced  to  a  peneplain  near  the  level  of 
the  sea."^ 

Not  only  the  tilted  rocks  of  the  Alleghenies  and  of  the  older  Appa- 
lachian belt,  but  the  horizontal  strata  of  the  Allegheny  plateau  are 
regarded  as  having  been  baseleveled,  or  almost  so,  before  their  present 
uplift  and  dissection  was  gained.  See,  for  example,  the  account  of  the 
Cumberland  plateau  in  Tennessee  by  Hayes.** 

Griswold  has  recognized  a  greatly  dissected  peneplain  in  the  even 
crested  ridges  of  the  Arkansas  novaculites,  and  has  associated  the  warp, 
ing  of  the  great  peneplain  of  which  his  special  district  was  a  patt  with  the 
origin  of  the  lower  course  of  the  Mississippi  in  late  Mesozoic  time.tt 

*  Grand  Cnnyon  District    U.  S.  Geol.  Survey  Monogr.,  II,  \BS'2,  p.  119. 

t  Round  about  Asheville,  Nat.  Geog.  Magazine,  vol.  i,  1889,  p.  297. 

t  Geomorphology  of  the  southern  Appalachians,  ibid.,  vol.  yi,  1894,  p.  G9. 

2  Nat.  Geog.  Monographs,  vol.  1, 1896,  nos.  6  and  10. 

I  Hawley  sheet.  Geol.  Atlas  U.  S.,  1894. 

f  Geol.  Survey  New  Jt-rsey,  1894  (1R95),  p.  8. 

**Sewanee  sheet,  Geol.  Atlas  U.  S.,  1895. 

ft  Geol.  Surv.  Arkansas,  1890,  vol.  iii,  p.  222;  Proc.  Bost.  Soc.  Nat.  Hist,  vol.  xxvi,  189S,  p.  478. 
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Keyes  *  and  Herehey  t  have  recently  described  the  upland  of  the  Ozark 
plateau  in  Missouri  as  an  uplifted  and  dissected  peneplain.  The  region 
has  an  essentially  horizontal  structure,  like  the  Allegheny  plateau,  with 
which  it  is  in  many  ways  homologous.  The  latter  author  tells  of  residual 
hills  or  monadnocks  which  still  surmount  the  upland  plain,  and  of  faint 
inequalities  of  form  that  seem  to  mark  "  the  hydrographic  basins  of  the 
streams  which  flowed  on  the  Cretaceous  lowland  plain  ; "  but  as  a  whole 
the  region  was  "  a  low,  marshy  plain  of  very  slight  relief,  probably  nearly 
at  sealevel." 

Darton  describes  the  Piedmont  area  of  Virginia  as — 

"An  undulating  plateau  carved  in  (greater  part  in  crystalline  rocks  .  .  traversed 
by  rivers  which  flow  in  gorges.  .  .  It  is  now  very  clearly  recognized  that  the 
Pieilinont  plateau  is  a  peneplain  of  Tertiary  age.  .  .  There  is  a  system  of  very 
low,  flat  divides  coincident  with  those  of  the  present  drainage  system.'*  J 

Keith  also  describes  the  formerly  even  surface  of  the  Piedmont  belt  in 
which  the  valleys  of  today  are  incised,  as  a  Tertiary  baselevel  of  subae- 
rial  origin.  § 

The  bevelled  western  slope  of  the  Sierra  Nevada,  regarded  as  an  up- 
turned plain  of  marine  abrasion  by  Richthofen,  is  ascribed  by  Gilbert,  || 
I..econte,^  Lindgren,**  Dillerft  and  others  to  subaerial  denudation- 
but  Lindgren  makes  it  clear  that  when  the  region  stood  lower  it  was 
not  worn  smooth  enough  to  be  called  a  peneplain;  "the  declivities  and 
irregularities  of  the  old  surface  are  too  considerable  for  that." 

Dillcr  describes  a  peneplain  formed  on  the  upturned  Cretaceous  rocks 
of  northern  California  and  now  dissected  by  various  streams: 


n 


The  production  of  such  a  broad,  uniform  plain  by  the  erosion  of  rocks  varying 
greatly  in  hardness  could  only  be  accomplished  on  a  very  gentle  slope  near  the 
level  of  the  controlling  water  body,  and  we  may  therefore  properly  consider  this 
plain  a  baselevel  of  erosion.''  |t 

I^wson  presents  an  instructive  account  of  an  uplifted  and  dissected 
peneplain  beveled  across  upturned  strata  in  northern  California.  Water- 
worn  gravels  occur  on  the  ridges  of  the  dissected  upland.  They  *'  can 
only  be  interpreted  as  remnants  of  the  stream  gravels  of  the  ancient 
peneplain."  §§ 

•Geol.  Sarv.  Missouri,  vol.  viii,  1894,  PP-  330,  352. 

t  American  OeoloKi^t,  toI.  zvi,  1895,  p.  338. 

X  Chicago  Jour.  Geology,  1894,  Tot.  ii,  pp.  568-570. 

I  Fourteenth  Ann.  Rept.  U.  S.  Geol.  Surrey,  1894,  p.  369. 

I  Science,  vol.  i,  1883,  p.  195. 

f  Bull.  Geol.  Soc.  Am.,  vol.  2, 1891.  p.  327. 

^  Ibid.,  vol.  4, 1893,  p.  298. 

tt  GhicHgo  Jour.  Geo!.,  vol.  ii,  1894,  p.  34. 

XX  Fourteenth  Ann.  Rept.  U.  S.  Geol.  Survey,  1894,  p.  406. 

II  University  of  California;  Bull.  Dept.  Geol.,  vol.  i,  1894,  p.  244. 


390        DAVIS — PLAINS  OF  MARINK  AND  SUBAEHIAL  DENUDATION. 

G.  M.  Dawson  describes  an  ancient  peneplain,  now  an  elevated  ana 
dissected  plateau,  in  the  Rocky  Mountain  region  of  Canada :  j 

''Climbing  to  the  level  of  this  old  plateau,  or  to  that  of  some  slightly  more elt^  j 
vat«d  point  about  the  fiftieth  or  fifty-first  parallel  of  latitude,  the  deep  valleys  of  | 
modern  rivers  with  other  low  tracts  are  lost  sight  of,  and  the  eye  appears  to  rangt  ■ 
across  an  unbroken  or  but  slightly  diversified  plain,  which,  on  a  clear  day,  may  If  ' 
observed  to  be  bounded  to  the  northeast,  southwest  and  south  by  mountain  ranges 
with  rugged  forms,  and  above  which  in  a  few  places  isolated  higher  points  rise, 
either  as  outstanding  monuments  of  the  denudation  by  which  the  plateau  was  pro- 
duced, or  as  accumulations  due  to  volcanic  action  of  the  Miocene  or  middle  Tertiary 
period."* 

After  explicitly  considering  the  alternatives  of  marine  and  subaerial 
erosion,  the  author  decides  against  the  former,  because  the  plateau  dis- 
trict is  not  accessible  to  the  sea,  and  because  there  are  no  marine  strata 
thereabouts  referable  to  the  period  when  the  peneplain  was  formed. 
The  river  system  of  the  region — 

''aided  by  other  subaerial  agencies,  cut  down  almost  its  entire  drainage  basin 
till  this  became  a  nearly  uniform  plain,  with  some  slight  slope  in  the  main  direc- 
tion of  the  river's  fiow,  but  of  which  the  lowest  part  approximately  coincided  with 
the  sea-level  of  the  time.  .  .  .  After  reaching  this  baselevel  of  erosion  the 
rivers  would,  of  course,  be  unable  to  do  more  than  serve  as  channels  for  the  con- 
veyance of  material  brought  into  them  from  the  surrounding  country,  which, 
wherever  it  stood  above  the  general  level,  was  still  subject  to  waste.  The  val- 
leys became  wide  and  shallow,  and  the  sur&oe  as  a  whole  assumed  permanent 
characters."  t 

My  o w  n  studies  lead  me  to  believe  that  subaerial  denudation  has  reduced 
various  mountainous  or  plateau-like  uplifls  to  lowland  peneplains.  I 

A  considerable  number  of  extracts  might  be  presented  from  the  works 
of  foreign  writers  to  show  that  the  idea  of  marine  denudation  is  on  the 
whole  less  favorably  received  by  continental  than  by  English  geologists; 
but  the  features  of  land  form  and  the  processes  of  land  sculpture  have 
not  been  studied  in  Europe  with  the  attention  that  has  been  given  to 
stratigraphic  succession  or  to  the  problems  of  paleontology  and  petrog- 
raphy. Regions  that  are  known  to  be  uplands  of  denudation  are  often 
described  with  abundant  detail  as  to  their  structure,  but  with  the  scantiest 
reference  to  the  conditions  of  their  topographic  development. 

*    .    .    .    The  Rocky  MountaiD  region  in  Canada    .    .    .    ,  Trans.  Roy.  Soc.  Can.,  ▼iiit  1890,  p.  H. 

t  Loc.  cit.,  p.  13. 

{The  following  articles  may  be  referred  to  :  Relation  of  the  coal  of  Montana  to  the  older  rocks 
(Tenth  Census  U.  S,  vol.  xt,  1880,  p.  710);  Topographic  development  ...  of  the  CooDecticut 
valley  (Am.  Jour.  Sci.,  vol.  xzxvii,  1889,  p.  430) ;  Geographic  development  of  northern  New  Jersey 
(with  J.  W.  Wood,  Proc.  Boston  Soc.  Nat.  Hist.,  vol.  xxiv,  1889,  p.  373) ;  Rivers  of  northern  New  Je^ 
sey  (Nat.  Oeog.  Mag.,  vol.  ii,  1890.  p.  6);  Topographic  forms  of  the  Atlantic  slope  (Ball.  Geol.8oc. 
Am.,  vol.  2, 1891,  p.  657);  Physical  geography  of  southern  New  England  (Nat.  Oeog.  Monogr.,  M 
i,  1895,  p.  276) ;  Development  of  certain  English  rivers  (Loudon  Geog.  Jour.,  vol.  v,  1895,  p.  ltt)> 
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A  characteristic  example  of  this  manner  of  treatment  is  found  in  the 
vahiable  works  by  Lepsius  on  the  mountains  of  the  upper  and  middle 
Rhine,*  in  which  the  Schiefergebirge  and  other  ancient  mountains  are 
fully  treated  as  to  structure,  although  little  is  said  of  their  form  and  still 
less  of  the  origin  of  their  form. 

The  following  citations  are  from  works  in  which  land  form  and  sculpture 
are  more  fully  considered. 

The  incre^ising  importance  attributed  by  Sir  A.  Geikie  to  subaerial 
ai^encies  in  his  later  writings  has  already  been  noted.  Professor  James 
Geikie  goes  further  in  this  direction  and  says  : 

"  Valleys  continue  to  be  deepened  and  widened,  while  the  intervening  mountains, 
eftten  into  by  the  rivers  and  their  countless  feeders  and  shattered  and  pulverized 
by  springs  and  frosts,  are  gradually*  narrowed,  interrupted  and  reduced  until 
eventually  what  was  formerly  a  great  mountain  chain  becomes  converted  into  a 
low-lying  undulating  plain.'*  f 

Gosselet,  in  his  comprehensive  monograph  on  the  Ardennes,  says  that 
the  tilted,  folded  and  faulted  strata  of  their  uplands  have  been,  as  it  were, 
planed  down  by  the  combined  action  of  atmospheric  disintegration  and 
pluvial  wearing.  Both  the  Jurassic  and  Cretaceous  formations  are  de- 
scribed as  lying  on  oldland  soils,  where  they  overlap  the  Paleozoic  strata.! 

The  elaborate  treatise  on  **  Les  formes  du  terrain  "  (1888).  by  de  la 
Noe  and  de  Margerie,  clearly  maintains  that  pluvial  denudation  may  not 
only  produce  valleys,  but  it  may  wear  down^the  divides  between  the  val- 
leys (page  106).  The  escarpments  or  cross-valleys  of  the  Weald  in  south- 
em  England  may  be  explained  without  calling  on  marine  erosion,  as  most 
of  the  English  geologists  have  done  (pages  135,  136).  Plateaus  of  abra- 
sion, without  a  cover  of  unconformable  strata,  may  be  '*  simply  the  result 
of  prolonged  subaerial  erosion."  If  unconformably  covered,  it  still  re- 
mains to  be  seen  how  far  the  abraded  surface  is — 

"  The  modification  by  wave  action  of  a  hardly  different  surface,  produced  by  the 
prolonged  work  of  streams  which  had  long  before  attained  faintly  graded  slopes, 
and  which  had  by  the  aid  of  atmospheric  agents  almost  completely  destroyed  pre- 
existing inequalities  of  form  "  (page  188). 

Penck  concludes  that  the  final  aim  of  subaerial  denuding  agents  is  to 
reduce  a  land  almost  completely  to  a  plain,§  but  his  account  of  the 
Schiefergebirge  of  the  middle  Rhine  does  not  explicitly  state  whether  the 
'*  abrasionsplateau  "  of  their  uplands  is  of  marine  or  subaerial  origin.  || 

*I>ie  Oberrhoinische  Tiefebeno  and  ihre  Rnndgeblrgo,  Forschungen  xur  deat.  Landeskunde,  i, 
Ifttt.iVfli ;  GcologfeTon  Deutschland,  1887. 
fMountnins,  their  origin,  growth  and  decay :  Scot.  Qeog.  Mag.,  toI.  ii,  1886,  p.  1G0. 
t  L'Ardenne.    M^m.  Carte  g^ol.,  France,  1888,  pp.  802,  8(i8,  837. 

2  Dan  Endziel  der  Erosion  and  Denadation,  Verh.  vili  deut.  Geogrnphentag,  18S9,  pp.  91-100. 
1  liAnderkunde  dea  Erdtheils  Etiropa,  i,  1887,  p.  316. 
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In  his  compendious  volumes  on  the  *'  Morphologic  der  Erdoberflache  " 
(1894),  he  considers  plains  of  marine  and  of  subaerial  denudation,  both 
as  to  process  of  origin  and  as  to  derivative  forms,  after  elevation  and  di^ 
section,  but  criteria  for  their  discrimination  are  not  discussed  * 

De  Lapparent,  president  of  the  French  Geographical  Society',  ha^ 
advocated  subaerial  erosion  as  the  means  of  denuding  the  Ardennes  and 
the  Central  plateau  of  France,  t  and  later  says : 

"  La  notion  des  p^n^plaincs  est  extremement  fecondc,  et  ce  n'est  pas  un  de  .ses 
moindres  m^ritcs  d'avoir  port^  le  coup  de  grAce  &  la  throne  des  plaines  de  d^nwixi- 
tion  marine,  si  fort  en  honneur  de  Vautre  cot6  du  d^troit."  J 

Comparison  of  the  two  Schools. 

It  is  noteworthy  that,  with  few  exceptions,  the  more  recent  writers  here 
quoted  do  not  discuss  both  processes  by  which  smoothly  abraded  plains, 
whether  buried  or  bare,  may  be  produced,  but  directly  announce  their 
conclusion  as  to  the  origin — by  marine  or  by  subaerial  agencies — of  the 
surface  under  consideration.  This,  of  course,  implies  that  they  re^ranl 
the  question  as  settled,  just  as  for  some  time  back  it  has  been  the  habit 
of  geologists  on  finding  marine  shells  in  stratified  rocks  to  conclude,  with- 
out reviving  the  discussions  of  earlier  centuries,  that  the  strata  are  of 
marine  origin,  and  that  their  present  position  indicates  a  change  in  the 
relative  attitude  of  the  land  and  sea.  But  in  this  latter  example  all 
geologists  are  today  agreed,  while  in  the  problem  of  the  origin  of  plains 
of  denudation  each  writer  follows  only  the  conclusion  of  his  own  school, 
not  the  conviction  of  the  world.  It  is  chiefly  to  arouHe  attention  to  this  a^H'ct 
of  the  problem  that  the  present  review  is  undertaken. 

It  is  further  noteworthy  that,  with  few  exceptions,  the  authors  who 
discuss  the  matter  at  all  do  not  attempt  to  discriminate  between  the  two 
possible  classes  of  denuded  surfaces  by  searching  for  features  peculiar 
to  one  or  the  other,  but  content  themselves  with  a  priori  argument  a<?  to 
the  possibility  of  producing  plains  by  marine  or  subaerial  agencies. 

There  is,  however,  a  certain  difference  of  attitude  in  the  two  schools 
regarding  the  doctrine  of  the  other.  The  English  school  hardly  considers 
at  all  the  ability  of  subaerial  agencies  to  produce  smooth  plains  of  denu- 
dation J  their  discussion  of  the  question  turned  really  on  the  possible 
origin  of  valleys  by  subaerial  agencies.  The  American  school  does  not, 
as  far  as  I  have  read,  deny  the  ability  of  marine  agencies,  but  attributts 
greater  ability,  especially  far  in  continental  interiors,  to  subaerial  agencie.'^; 
their  discussion  of  the  question  postulates  the  subaerial  origin  of  ordinary 


*  Vol.  ii,  pp.  145,  181,  489. 

t  [/age  des  formos  topograph iqiies,  Rev.  dea  quest,  scient.,  Oct.,  1894. 

X  La  g^omorphog^nie,  ibid.,  April,  1895. 
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valleys  as  a  matter  already  proved,  and  goes  on  from  this  to  the  possible 
ultimate  result  of  the  valley-making  processes.    Again,  the  English  school 
denies,  tacitly  or  directly,  the  probability  or  even  the  possibility  of  a 
period  of  still-stand  long  enough  for  essentially  complete  subaerial  denu- 
dation close  to  sealevel,  but  assumes  the  possibility  of  a  period  of  still- 
stand  or  of  slight  depression  continuous  and  long  enough  to  allow  the 
sea  waves  to  plane  off  the  sinking  lands.    The  American  school  tacitly 
questions  the  occurrence  of  great  erosive  transgressions  of  the  sea  during 
either  a  still-stand  or  a  slow  depression  of  the  land,  but  admits  the  possi- 
bility of  essentially  complete  subaerial  denudation  to  an  average  sealevel, 
above  and  below  which  the  land  long  hovers  in  many  minor  oscillations 
before  a  new  attitude  is  assumed  by  great  depression,  elevation  or  de- 
fonnation.    It  should  be  borne  in  mind  that  the  depressed  and  buried 
or  the  uplifted  and  dissected  plains  of  denudation  whose  origin  is  in 
question  are  in  no  cases  geometrical  planes ;  they  nearly  always  possess 
perceptible  inequalities,  amounting  frequently  to  two  or  three  hundred 
feet;  but  these  measures  are  small  compared  to  the  inferred  constructional 
relief  of  earlier  date,  or  compared  to  the  deep  valleys  often  eroded  be- 
neath the  plain  if  it  has  been  uplifted.     By  whatever  process  the  so-called 
*'  plain  of  denudation  "  was  produced,  an  explanation  that  will  account 
for  a  peneplain  of  moderate  or  slight  relief  is  all  that  is  necessary.    Abso- 
lute planation  is  so  rare  as  hardly  to  need  consideration  here. 

In  no  respect  is  the  contrast  between  the  two  schools  more  strikingly 
shown  than  in  the  beliefs  concerning  the  cover  of  unconformable  strata 
that  lie  or  are  supposed  to  have  lain  upon  an  oldland.  The  continental 
members  of  the  English  school  generally  regard  these  strata  as  an  essen- 
tial result  of  the  process  of  marine  denudation  during  slow  depression ; 
if  such  strata  are  absent  from  a  dissected  plateau,  their  absence  is  ex- 
plained by  denudation  after  uplift.  The  American  school  does  not  give 
the  cover  of  unconformable  strata  an  essential  place  in  the  problem ;  if 
present,  it  is  generally  ascribed  to  deposition  following  the  submergence 
of  a  region  already  for  the  most  part  baseleveled  by  subaerial  agencies. 

Review  of  the  a  priori  Argument. 

It  may  be  noted  that  the  value  of  marine  agencies  gained  a  high  repu- 
tation for  effective  work  before  subaerial  agencies  were  recognized  as 
significantly  affecting  the  form  of  the  land,  and  that  from  that  time  to 
the  present  the  importance  of  the  latter  agencies  has  been  steadily  in- 
creasing in  the  minds  of  geologists.  The  manifest  work  of  waves  on  a 
bold  coast  was  perceived  at  a  time  when  the  production  of  valleys  by 
rain  and  rivers  was  scouted.  Today  it  is  not  so  much  that  the  absolute 
strength  of  marine  erosion  is  given  a  smaller  value  than  heretofore,  but 

XL VI— Boll  Gkol.  Soc.  Am.,  Vol.  7,  1895. 
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that  the  relative  importance  of  subaerial  erosion  is  rated  much  higher 
than  at  the  beginning  of  the  century.  While  the  sea  works  energetically 
along  a  line,  subaerial  forces  work  gently  over  a  broad  surface.  Chiefly 
for  this  reason  Geikie  concludes  that  "  before  the  sea,  advancing  at  a  rate 
of  ten  feet  a  century,  could  pare  off  more  than  a  mere  marginal  strip  of 
land  between  70  and  80  miles  in  breadth,  the  whole  land  might  be  washed 
into  the  ocean  by  atmospheric  denudation."* 

A  slight  movement  of  elevation  usually  sets  the  sea  back  to  l>^n  it 
work  anew  on  the  seaward  side  of  its  previous  shoreline,  but  such  an 
elevation  only  accelerates  the  work  of  subaerial  denudation  all  over  the 
elevated  region.  The  waves  on  the  seashore  shift  their  line  of  atUick 
with  every  sliji^ht  vertical  movement  of  the  coastal  region  ;  but  the  9u\>- 
aerial  forces  over  large  continental  areas  gain  no  notice  of  slight  move- 
ments until  a  considerable  time  after  they  have  been  accomplished,  and 
hence  they  perform  their  task  only  with  reference  to  the  avenge  atti- 
tude of  the  land.  Observers  near  a  shoreline  naturally  have  their  attention 
directed  to  the  unsteadiness  of  the  land,  as  indicated  by  marks  of  many 
recent  changes  of  land  level ;  hence  they  are  perhaps  indisposed  to  admit 
that  any  land  has  ever  stood  still — or  oscillated  slightly  above  and  below 
an  average  attitude — long  enough  to  be  nearly  or  quite  baseleveled  by 
subaerial  agencies.  They  prefer  to  think  that  the  sea  is,  in  spite  of  iti^ 
many  stops  and  starts,  the  great  leveler  of  the  lands. 

Some  have  intimated  that  the  insular  position  of  English  observers 
has  led  them  to  exaggerate  the  relative  power  of  the  sea.  Thus  W.  T. 
Blanford,  after  much  experience  in  India  and  elsewhere,  as  well  as  at 
home  in  England,  writes: 

"  It  is  not  surprising  that  the  power  of  rain  and  rivers  should  be  recognized  with 
difficulty  in  regions  where  their  effects  are  comparatively  so  dwarfed  as  in  the 
British  isleff,  while  the  power  of  marine  denudation  is  at  its  maximum  from  the 
enormous  coastline  exposed  and  the  small  amount  of  detritus  Airnished  for  ite 
protection  by  rivers  of  small  length  and  in  which  floods  are  of  exceptional  occar* 
rence."  t 

But  even  this  well  practised  observer  contended  only  for  the  subaerial 
origin  of  valleys,  not  of  plains  also.  On  the  other  hand,  those  whose 
studies  have  been  directed  chiefly  to  large  interior  areas  seldom  have 
occasion  to  observe  the  action  of  energetic  shore  waves,  and  hence  are 
apt  to  attribute  relatively  little  importance  to  their  work.  The  small 
share  of  attention  recently  given  by  Powell  to  shore  waves  and  coastal 
forms  in  a  general  discussion  of  physiographic  processes  and  features 
is  perhaps  thus  explained.  J    The  citation  from  Dawson,  given  above,  is 

•  Text-book,  1885,  p.  432. 

fOeoI.  and  ZoOI.  AbysdinlA,  1870,  p.  158,  note. 

X  Nat.  Qeog.  Monographs,  vol.  i,  1895,  nos.  1  and  2. 
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an  especially  good  illustration  of  the  manner  in  which  large  continental 
surroundings  may  a,ffect  the  opinions  of  an  observer  who,  from  certain 
associations,  might  be  expected  to  follow  the  insular  school. 

Although  mature  deliberation  and  good  judgment  may  lead  through 
a  priori  argument  to  a  safe  conclusion  in  many  problems,  the  method  is 
of  difficult  application  here  on  account  of  the  great  number  of  variable 
factors  whose  appropriate  values  can  be  hardly  determined.  It  is  prob- 
ably by  reason  of  assigning  different  values  to  variable  factors  that  the 
opposite  conclusions  summarized  above  have  been  reached. 

Statement  of  the  a  posteriori  Ahqvmrst. 

In  attempting  to  decide  by  arguing  from  effect  to  cause  whether  evenly 
denuded  regions  have  been  worn  down  by  subaerial  or  marine  agencies, 
let  us  try  to  stand  on  a  provisional  Atlantis,  hoping  that  it  may  give 
steady  support  long  enough  for  us  to  gain  an  unprejudiced  view  of  the 
opinions  that  are  so  generally  accepted  on  the  lands  to  the  east  and  west. 
From  this  neutral  ground  let  us  attempt  to  deduce  from  the  essential 
conditions  of  each  explanation  of  the  problem  as  many  as  possible  of  its 
essential  consequences,  and  then  confront  these  consequences  with  the 
facts.     The  measure  of  accordance  between  consequences  of  theory  and 
facts  of  observation  will  then  serve  as  a  measure  of  the  verity  of  the  theory 
from  which  the  consequences  are  derived.    No  final' decision  can  be 
reached  in  many  cases ;  for,  however  clearly  the  consequences  may  be 
deduced,  the  facts  with  which  they  should  be  compared  are  often  beyond 
the  reach  of  observation.    In  such  cases  it  is  advisable  to  announce  in- 
decision as  clearly  as  decision  is  announced  in  the  others. 

As  far  as  I  have  been  able  to  carry  the  analysis  of  the  problems,  it  is 
more  difficult  to  find  positive  criteria  characteristic  of  plains  of  marine 
denudation  than  of  plains  of  subaerial  denudation ;  hence  I  will  take  up 
the  latter  class  first.  It  should  be  remembered,  however,  that  in  each 
class  of  plains  both  classes  of  agencies  may  have  some  share,  one  pre- 
ponderating over  the  other. 

Consequences  of  subaerial  Denudation. 

Imagine  a  region  of  deformed  harder  and  softer  strata  raised  to  a  con- 
siderable elevation.  Then  let  the  land  stand  essentially  still,  or  oscillate 
slightly  above  and  below  a  mean  position.  The  rivers  deepen  their  val- 
leys, the  valleys  widen  by  the  wasting  of  their  slopes,  and  the  hills  are 
slowly  consumed.  During  this  long  process  a  most  patient  and  thorough 
examination  of  the  structure  is  made  by  the  destructive  forces,  *  and 
whatever  is  the  drainage  arrangement  when  the  rivers  begin  to  cut  their 

*See  Bearing  of  physiography  on  uniformitarianism.    Bull.  Geol.  Soc.  Am.,  vol.  7, 1895,  pp.  8-ll. 
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valleys  a  significant  rearrangement  of  many  drainage  lines  will  result 
from  the  processes  of  spontaneous  adjustment  of  streams  to  structurt-s. 
This  involves  the  adjustment  of  many  subsequent  streams  to  the  weaker 
structures  and  the  shifting  of  many  divides  to  the  stronger  structures. 
Adjustment  begins  in  the  early  stages  of  dissection,  advance  greatly 
in  the  mature  stages,  and  continues  very  slowly  toward  old  age,  while 
the  relief  is  fading  away.  Indeed,  when  the  region  is  well  worn  down 
some  of  the  adjustments  of  maturity  may  be  lost  in  the  wanderings  of 
decrepitude,  but  this  will  seldom  cause  significant  loss  of  adjustment 
except  in  the  larger  rivers.  Now,  if  a  region  thus  baseleveled  or  nearly 
baseleveled  is  raised  by  broad  and  even  elevation  into  a  new  cycle  of 
geographical  life,  the  rivers  will  carry  the  adjustments  acquired  in  the 
first  cycle  over  to  the  second  cycle.  Still  further  adjustment  may  then 
be  accomplished.  The  master  streams  will  increase  their  drainage  area 
in  such  a  way  that  the  minor  streams  will  seldom  head  behind  a  hard 
stratum.  In  a  word,  the  drainage  will  become  more  and  more  longi- 
tudinal and  fewer  and  fewer  small  streams  will  persist  in  transver?e 
courses.  All  this  is  so  systematic  that  I  believe  it  safe  to  assert  that  the 
advanced  adjustments  of  a  second  cycle  may  in  many  cases  be  distin- 
guished from  the  partial  adjustments  of  a  first  cycle.  It  should  be  noted 
further  that  in  the  early  stages  of  the  second  cycle  the  residual  reliefs  of 
the  first  will  still  be  preserved  on  the  uplands,  and  that  they  will  be  sys- 
tematically related  to  the  streams  by  which  the  dissection  of  the  upland 
is  in  progress,  as  noted  in  the  examples  described  by  Darton  and  Hershey. 
It  is  manifestly  impossible  to  apply  what  may  be  called  the  river  test 
to  plains  of  denudation  upon  which  a  cover  of  unconformable  sediments 
is  spread ;  but,  before  assuming  that  such  buried  plains  are  of  marine 
origin,  their  uppermost  portion  next  beneath  the  cover  should  be  exam- 
ined to  see  if  it  presents  indications  of  secular  decay  before  burial ;  and, 
if  so,  a  subaerial  origin  for  the  plain  may  be  argued.  Certain  aspects  of 
this  division  of  the  subject  have  been  discussd  by  Pumpelly.*  Another 
matter  of  importance  is  the  character  of  the  undermost  layers  of  the 
cover.  If  these  are  fresh-water  beds  a  subaerial  origin  for  the  plain  on 
which  they  rest  may  be  inferred.  The  Potomac  formation  offers  an 
example  of  this  kind,  f 

Consequences  op  marine  Denudation. 

Now  suppose  that  a  region  of  disordered  structure  is  partly  worn  down 
by  rain  and  rivers  and  is  smoothly  planed  across  by  the  sea  during  a  time 
of  still-stand  or  of  gradual  depression.    The  land  waste  gained  in  tlie 

*  Bull.  Geoi.  Soc.  Am.,  vol.  2, 1891,  p.  711. 

t  McGee :  Am.  Jour.  ScI.,  vol.  xxxv,  1888,  p.  137 ;  Fontaine :  Monogr.  xv,  U.  8.  Geo!.  Surrey,  1888, 
p.  61. 
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later  attack  will  be  spread  off-shore  on  the  platform  abraded  in  the  earlier 
attack.     The  basal  strata  of  the  unconformable  cover  thus  formed  must 
indicate  their  marine  origin  and  must  be  appropriately  related  in  com- 
position and  texture  to  their  sources  of  supply.    The  drainage  systems 
of  the  land  will  be  essentially  extinguished  by  the  encroaching  sea. 
When  the  region  rises,  with  the  cover  of  new  sediments  lying  evenly  on 
its  .smoothed  back,  a  new  system  of  original  consequent  streams  will  take 
their  way  across  it.     If  the  elevation  be  suflScient,  the  streams  will  in- 
cise their  valleys  through  the  cover  of  new  sediments  and  in  time  find 
themselves  superposed  on  the  *'oldland"  beneath.     As  time  passes, 
more  and  more  of  the  cover  will  be  stripped  off;  at  last  it  may  disap- 
j>ear  far  and  wide,  although  the  stripped  surface  of  the  oldland  may  still 
retain  a  generally  even  sky-line  as  a  memorial  of  its  once  even  denuda- 
tion.   Now,  in  this  case,  the  rivers  by  which  the  dissected  plateau  is 
drained  will  have  at  most  only  a  very  slight  adjustment  to  its  structure. 
Their  courses  will  have  been  inherited  from  the  slope  of  the  lost  cover ; 
they  will  at  first  run  at  random  across  hard  and  soft  structures ;  a  little 
later  some  adjus  tment  to  the  discovered  structures  will  be  made,  but  as 
long  as  the  even  sky-line  of  the  upland  is  recognizable,  only  the  incom- 
plete adjustments  appropriate  to  the  adolescent  stage  of  denudation  can 
be  gained. 

Examples  of  dissected  Uplands  with  adjusted  Drainage. 

This  essay  has  already  reached  so  much  more  than  its  expected  length 
that  it  will  not  be  possible  to  give  extended  space  to  the  consideration  of 
specific  examples.    This  is,  however,  no  great  disadvantage,  inasmuch  as 
the  number  of  examples  in  which  the  problem  has  been  considered  in 
relation  to  drainage  arrangement  and  other  discriminating  features  is 
very  small.    The  various  articles  already  referred  to  concerning  the  geo- 
graphical development  of  the  Appalachian  region  treat  this  aspect  of  the 
subject  with  some  care;  to  these  may  be  added  my  paper  on  **  Certain 
English  rivers,"  in  which  it  seems  to  me  that  there  is  shown  some  ground 
for  the  consideration  of  the  alternative  to  the  usual  English  view.    Of 
the  Ardennes  it  may  be  briefly  said  that  systematic  longitudinal  and 
transverse  streams  are  well  developed  in  certain  areas,  and  in  those  parts, 
at  least,  there  does  not  appear  direct  evidence  of  marine  transgression. 
Sheets  48  and  54  of  the  Belgian  topographical  map  (scale,  1 :  40,000)  ex- 
hibit these  features  very  clearly.     On  the  other  hand,  the  branches  of  the 
Rhine  and  the  Moselle  in  the  Schiefergebirge  suggest  superposition  from 
a  lost  cover,  as  mapped  on  the  sheets  of  the  Karte  des  Deutschen  Reichs 
(scale,  1 :  100,000). 
It  is  manifest  that  many  plains  of  denudation,  now  uplifted  and  more 
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or  less  dissected,  may  be  found  in  which  no  simple  test  based  on  the 
presence  of  superposed  streams  will  serve  to  settle  the  question  of  marine 
origin.  Indeed,  it  appears  to  me  a  difficult  matter  to  adduce  any  ex- 
amples of  extensive  plains  of  denudation  whose  origin  is  demonstrably 
marine  and  to  whose  planation  subaerial  agencies  have  not  contributed 
the  greater  work.  A  region  may  be  almost  reduced  to  baselevel  by  sub- 
aerial  denudation  when  the  transgressing  sea  completes  the  work,  extin- 
guishing the  adjusted  valleys  and  introducing  superposed  streams  in  the 
next  cycle  of  denudation.  A  region  well  baseleveled  under  the  air  mar 
by  quick  depression  suffer  rapid  ingression  of  the  sea,  whose  shore  waves 
will  during  depression  nowhere  reside  long  enough  to  perform  a  signifi- 
cant amount  of  abrasion.  When  the  r^ion  is  thus  submerged  and  stands 
again  relatively  quiet,  the  waste  from  a  non-submerged  area,  gained  both 
by  marine  and  subaerial  denudation,  may  be  spread  over  the  denuded 
and  depressed  plain,  and  when  afterwards  elevated  with  an  unconform- 
able cover  that  will  induce  superposed  drainage,  all  trace  of  former 
adjustments  will  be  lost ;  yet  here  the  planation  was  not  marine.  A 
district  of  superposed  drainage  in  central  New  Jersey,  where  the  Amboy 
clays  once  spread  over  the  red  shales  and  sandstones  of  the  Trias,  may 
probably  be  taken  as  an  example  of  this  kind.  Superposed  rivers  cannot, 
therefore,  always  be  taken  to  prove  that  the  uplands  which  they  dissect 
are  uplifted  plains  whose  denudation  was  chiefly  performed  by  the  sea. 
Regions  of  essentially  horizontal  structure  normally  have  wandering 
streams ;  no  systematic  arrangement  of  drainage  is  here  to  be  expected. 
Discrimination  in  such  regions  has  seldom  been  attempted  between  ex- 
amples of  one  cycle  of  subaerial  denudation,  now  adolescent  or  mature, 
and  examples  of  two  cycles,  the  first  having  reached  old  age  and  the 
second  now  being  in  its  adolescence  or  maturity.  The  sky-line  would 
be  smooth  and  even  in  examples  of  either  class :  in  the  first,  because  its 
original  constructional  form  was  a  plain ;  in  the  second,  because  it  was 
planed  down  essentially  smooth  at  the  close  of  the  cycle  preceding  the 
current  cycle.  It  is,  however,  sometimes  possible  in  regions  of  horizontal 
structure  to  recognize  the  records  of  old  age  reached  in  a  former  cycle  by 
a  slight  discordance  between  the  general  upland  surface  and  the  attitude 
of  the  strata;  or  by  the  association  of  the  region  with  an  adjacent  r^ion 
of  tilted  structure  where  indications  of  an  earlier  cycle  of  subaerial  denu- 
dation are  manifest,  both  these  tests  being  applicable  in  the  Allegheny 
plateau ;  or  by  the  arrangement  of  the  faint  residual  relief  of  the  uplands, 
where  not  trenched  by  young  or  adolescent  streams,  this  test  having  been 
applied  in  the  Piedmont  district  of  Virginia,  in  the  Ozark  plateau  of 
Missouri,  an^  in  the  Great  plains  of  eastern  Montana.  Further  study  of 
many  other  examples  is  desirable. 
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Introduction* 


During  my  work  at  Cambridge  with  Professor  Davis  attention  has  been 
directed  to  shorelines  and  the  forms  which  are  systematically  developeil 
during  successive  stages  of  shore  evolution  along  the  common  border  of 
the  land  and  sea.  It  was  early  seen  that  a  distinction  is  needed  between 
the  oldland,  all  those  preexisting  portions  of  more  or  less  wasted  forma- 
tions, and  the  newer  land,  the  coastal  plain,  which  borders  and  is  com- 
posed of  the  detritus  from  the  oldland.  In  a  similar  manner  a  distinction 
is  needed  between  the  forms  cut  and  those  accumulated  in  the  cour^of 
shore  evolution.  At  the  beginning  of  a  cycle  the  waves  attack  the  coast 
at  all  points,  cutting  or  nipping  back  the  initial  f  form  of  the  land  into  a 
cliff;  while  at  a  later  stage  transportation  of  material  alongshore  begins 
and  the  waste  from  the  edge  and  bottom  of  the  land,  together  with  the  river 
sediment,  is  built  out  at  certain  points  in  front  of  the  older  mainland  in 
deposits  of  various  shapes,  which  are  appropriately  grouped  together 
under  the  general  term  forelands.J 

The  word  foreland  has  been  locally  applied  to  a  few  headlands,  as  the 
Foreland  in  Devon  on  the  Bristol  channel,  the  North  and  South  Foreland- 
in  Kent  county,  England,  and  the  Bloody  Foreland  in  northwestern  Ire- 
land. As  such  projecting  promontories  of  the  mainland  have  the  well 
established  generic  term  of  ^'headland"  in  geography,  the  use  of  the 
word  foreland  in  a  few  places  as  the  local  name  for  certain  headlands 


*LiST  or  Abbexviations. 

AuHtr.  =  K.  u.  K..miIitftr-geographi8chep  Iniitilut,  Austria,  1:  76,000. 

C.  S.  =  United  States  r^ast  and  Geodetic  Survey,  rarious  scales. 

Denm.  =  Generalstabens  Kort  over  Danmark,  1 :  100,000 

Eng.  =  Ordnance  Survey,  EngUnd,  1 :  63,360. 

6.  S.  »  United  States  Geological  Survey,  1 :  62,600. 

Germ,  a  Karte  dea  Deutschen  Reiches,  1 :  100,000. 

Holl.  »  Topograph isclie  en  militaire  kaarte  van  het  koningrijk  Nederlanden,  1 :50,^. 

H.  O.  =3  Hydrographlc  Office,  United  States  Navy,  various  scales. 

Ital.  —  Instituto  geografico  militare,  Italy,  1 :  100,000. 

ilnitialf  as  used  above,  is  here  proposed  as  the  technical  term  to  define  the  form  at  the  begio- 
ning  of  any  geographic  cycle.  Any  dynamic  process  which  produces  a  change  in  the  relftti^c 
position  of  land  and  sea  may  interrupt  a  cycle  at  any  stage  of  development  and  cause  the  initial 
form  of  the  new  cycle.  Later  stages  and  forms  may  be  called  appropriately  sequentkd,  Thew 
terms  are  offered  to  avoid  the  misconception,onaccountof  their  vernacular  meaning,  of  the  terns 
eomtruetionat  and  dettruetional^  hitherto  used  by  some  writers  for  the  identic-al  ideas. 

X  Consult  Penck  :  Morphologic  der  ErdoberflAche,  Stuttgart,  1894,  and  compare  his  use  of  Vor 
land  and  Vorgelagerte,  vol.  ii,  pp.  17, 444,  548;  also  J.  A.  de  I-uc :  Geological  Travels,  1810,  vol.  i; 
John  Wiggins:  The  Practice  of  embanking  lands  from  the  Sea,  1862,  pp.  19&-200. 
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does  not  seem  to  the  writer  to  be  any  serious  objection  to  the  generic 
use  of  the  term  here  proposed.  The  etymology  of  the  two  parts  of  the 
compound  suggests  the  idea  of  being  built  in  front  of  the  preexisting 
mainland. 

Summary. 

In  this  paper  will  be  considered  those  forelands  which  present  a  more 
or  less  sharply  pointed  form,  whose  two  sides  are  bounded  by  shore  curves, 
concave  seaward,  and  which  may  include  within  the  limits  of  the  deposit 
water  bodies  of  various  kinds  and  sizes.  These  are  called  cuspate  fore- 
lands. Facts  are  brought  forward  to  show  that  these  cuspate  forelands 
may  be  divided  into  three  main  classes,  namely,  current,  tidal,  and  delta, 
according  to  what  appears  to  be  the  determining  factor  in  their  production. 
There  are  also  two  sub  varieties  which  are  due  to  steps  in  the  process  of 
island-tying,  one  before  a  bar  completely  ties  an  island  to  the  mainland, 
and  the  other  when  the  island  is  nearly  consumed. 

Sea  Attack. 

Before  discussing  the  deposits  themselves,  some  of  the  facts  regarding 
the  action  of  the  sea  upon  the  land  should  be  considered. 

The  forms  of  the  littoral  zone  are  best  understood  when  regarded  as 
marking  stages  in  the  consumption  of  the  land  by  the  sea,  as  a  result  of 
the  intention  of  the  sea  to  reduce  the  land  at  lust  to  a  submarine  platform 
lying  beneath  the  baselevel  controlling  subaerial  denudation.  The  sub- 
marine platform  is  the  ultimate  product  of  the  sea  action,  while  the 
peneplain  is  a  very  late  stage  of  subaerial  waste ;  and  as  the  peneplain 
approaches  but  never  quite  reaches  its  limiting  geometrical  plain,  sea- 
level  or  baselevel,  so  the  submarine  platform  must  have  a  similar  limit- 
ing ])lane,  which  for  lack  of  a  better  term  is  here  called  wave-base.  The 
discussion  of  wave-base  will  be  left  to  a  later  paper. 

The  agents  of  the  sea  are  the  waves,  tides,  and  currents.  Writers  differ 
widely  in  what  they  attribute  to  each  of  these  three  agents,  and  a  dis- 
criminating study  of  the  work  of  the  three  is  much  needed.  The  p»resent 
writer  is  inclined  to  attribute  the  attack  of  the  sea  largely  to  the  waves, 
and  its  transporting  action  largely  to  the  tides  and  currents.  For  the 
present  discussion  it  is  necessary  simply  to  distinguish  between  the  three 
actions :  Attack,  on  and  offshore  transportation,  and  alongshore  trans- 
portation. 

At  the  beginning  of  a  cycle,  when  a  new  portion  of  the  land  is  pre- 
sented to  the  sea,  the  sea  is  occupied  principally  in  attack,  the  waste  from 
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the  initial  coast  or  shallow  bottom  being  deposited  by  the  offshore 
currents.  * 

Sea  Transportation. 

At  a  later  stage,  when  the  supply  of  waste  has  increased  beyond  the 
power  of  the  currents  to  immediately  deposit  it  offshore,  transportation 
alongshore  will  become  more  important  and  the  growth  of  forelands  may 
take  place  in  certain  places.  The  tendency  of  shore  currents  is  undoubt- 
edly to  form  curves  in  the  shoreline  which  will  be  satisfactory  to  the  par- 
ticular current  acting.  In  a  general  way  the  radius  of  curvature  of  the 
shoreline  will  be  proportional  to  the  strength  of  the  alongshore  curreat. 

The  writer  makes  the  following  distinction  between  the  sea  action  upon 
the  inner  t  shoreline,  which  includes  the  more  protected  coasts  of  bays, 
drowned  valleys,  sounds,  channels,  etcetera,  and  its  action  upon  the  outer  f 
shoreline,  which  is  that  of  the  exposed  coasts  of  the  ocean.  The  ocean 
currents  have  little  direct  effect  upon  the  inner  shoreline,  and  the  wind 
has  not  opportunity  to  develop  current  eddies  of  large  radius  of  cun'a- 
ture  upon  inland  waters.  In  these  narrow  arms  of  the  sea  the  tidal  cur- 
rents are  the  preponderating  force.  The  ocean  current  and  the  local  wind 
current  must  be  of  less  importance  here  than  the  tidal  currents.  It  may 
be  stated  as  a  general  principle  that  the  most  effective  agent  of  shore  de- 
velopment upon  the  inner  shoreline  of  drowned  topography  is  the  tidal 
current.  Broad  bays  form  a  middle  ground  where  any  of  the  three  forcis 
may  be  the  strongest.  Upon  the  outer  shoreline  the  ocean  eddy  currents 
are  the  most  effective,  while  upon  lakes  and  inland  tideless  seas  the  local 
wind  currents  are  the  most  important  factor. 

Current  Cusps. 

FORM. 

The  four  great  capes  along  the  eastern  coast  of  the  United  States, 
namely,  Hatteras,  Lookout,  Fear,  and  Canaveral,  are  so  well  known  and 
have  been  so  frequently  mapped  that  a  general  description  is  here  unnec- 
essary. The  theory  of  current  cusp  formation  will  therefore  first  be  con- 
sidered and  the  more  detailed  facts  of  form  introduced  afterward. 

BACKSET  EDDIES. 

The  ocean  circulation  is  made  up  of  great  eddies,  which  in  turn  set  up 
smaller  eddies  between  the  main  current  and  the  coastal  border.    The.se 


*  For  the  method  of  wave  attack,  see  Gilbert :  Monograph  I.,  U.  S.  Qeological  Sarvey,  chap,  ii,  with 
references;  Lyell:  Principles  of  Geol.,  II th  ed.,  1872,  vol.  i,  chaps,  xx-xxii;  LeCoote:  Etementcof 
Geol.,  2d  e<i.,  1882,  pp.  3L-43;  Penck«  loc.  cit.,  vol.  ii,  pp.  460-497,  with  refereaces. 

fSee  Penck,  loc.  cit.,  vol.  ii,  p.  651. 
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smaller  currents  revolve  in  the  reverse  direction  to  that  of  the  great  cir- 
culation. Eddies  of  this  kind  are  appropriately  called  backset  eddies. 
When  more  waste  is  supplied  than  the  on  and  offshore  components  of 
the  total  sea  action  can  spread  over  the  bottom,  the  alongshore  compo- 
nent will  deposit  it  where  it  encounters  dead  water  or  water  moving  with 
less  velocity  than  the  current  itself.  In  a  backset  eddy  system  of  circula- 
tion such  comparatively  dead  water  will  occur  where  the .  alongshore 
currents  curve  from  the  shore  toward  the  deep  sea.  Slight  inequalities 
of  outline  in  the  newly  born  land  may  break  the  backset  current  into 
eddies  of  varying  radius  of  curvature.  Between  such  eddies  there  would 
be  formed  a  triangular  space  of  comparatively  dead  water,  in  which  the 
growth  of  a  cusp  might  be  expected.  Given  the  backset  eddies  and  the 
inequalities,  or  even  a  straight  shoreline,  and  cuspate  forelands  at  least  in 
outline  could  be  formed,  for  a  detritus- laden  current  must  deposit  the 
surplus  of  its  load  along  its  margin  where  it  comes  in  contact  with  quiet 
water. 

COMBINATIONS  OF  CURRENTS. 

There  are  three  possible  pairs  of  currents  which  might  produce  cuspate 
forelands  upon  the  outer  shoreline  :  First,  both  currents  flow  toward  the 
land;  second,  both  currents  flow  toward  the  water;  third,  one  current 
flows  toward  the  land  and  the  other  toward  the  water. 

The  first  will  not  cause  a  cusp  unless  the  currents  come  to  the  land 
laden  with  detritus,  or  else  ^e  or  both  of  the  currents  be  reversed  for  a 
portion  of  the  time,  bringing  out  waste  from  the  land. 

Mr  Gilbert  figures  a  V-bar  on  the  Bonneville  shoreline,  where  both  the 
currents  seem  to  have  flowed  from  the  land.*    He  says : 

"All  that  I  could  observe  in  the  case  of  the  fossil  shores  was  the  direction  of  the 
7td  movement,  and  where  I  found  no  evidence  on  that  point  I  drew  no  arrows.  The 
evidence  consisted  of  difference  in  size  of  pebbles,  diflFerence  in  amount  of  round- 
inj;,  and  difference  in  height  of  embankment.  I  remember  that  in  case  of  figure  4, 
for  example,  the  right-hand  limb  of  the  V  is  a  foot  or  two  higher  than  the  left-hand, 
and  this  feature  was  so  often  found  dissociated  with  other  evidence  of  transportation 
in  the  direction  indicated  by  the  arrows  that  I  may  possibly  have  used  it  in  some 
itases  witliout  the  other  evidence.'*  f 

There  is  probably  movement  in  both  directions  along  all  forelands  at 
different  times  and  the  form  shows  in  which  direction  the  dominant 
movement  has  taken  place.  The  dominant  movement  may  not  always 
correspond  to  the  prevailing  movement  alongshore.  A  few  severe  storms 
causing  a  strong  current  from  the  right  during  one  month  might  deter- 

<*  Monograph  I.,  U.  S.  Geological  Survey,  p.  58,  pi.  vf  i,  figure  2. 
t  Letter  to  writer. 
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mine  forms  which  a  weak  current  from  the  left  prevailing  for  eleven 
months  of  the  year  would  not  be  able  to  efface. 

According  to  the  third  scheme,  a  current  flows  toward  the  land  upon 
one  side  of  the  foreland,  while  upon  the  other  side  a  current  flows  toward 
the  sea.  As  has  been  pointed  out,  such  an  arrangement  would  result  if 
a  dominant  current  alongshore  were  broken  by  projections  of  the  land 
into  several  eddies. 

Such  a  system  of  backset  eddies  has  been  suggested  by  Mr  C.  Abbe,  Jr.  * 
as  the  cause  of  the  three  great  Carolina  cusps,  capes  Hatteras,  Lookout, 
and  Fear.  Such  currents  seem  to  be  proved  by  obser\'ations  along  the 
shore.  In  the  **  Geological  Survey  of  South  Carolina  for  1848  "  Mr 
Tuomey  describes  **  an  eddy  current  which  washes  the  coast  south- 
wardly." t 

In  Beaufort  harbor,  North  Carolina,  the  shifting  of  the  bar  to  the  left 
between  1854  and  1857  and  between  1862  and  1864  was  observed  by  the 
Coast  Survey.! 

Professor  Shaler,  in  summing  up  the  observations  along  the  Atlantic 
coast  from  Chesapeake  bay  to  Florida,  says  that  the  prevailing  move- 
ment of  the  sand  is  from  north  to  south.§ 

The  writer  has  the  very  distinct  remembrance  of  reading  that  coasting 
vessels  go  south  along  the  Carolina  shore  near  the  coast  because  they  find 
a  southward-flowing  current,  but  he  is  unable  to  refer  to  the  statement 
definitely. 

CONSEQUENCES  OF  THEORY. 

If  a  cuspate  foreland  were  formed  in  the  dead  water  between  two  cur- 
rents revolving  in  the  same  direction,  the  transportation  of  material 
alongshore  would  be  either  from  right  to  left  or  from  lefl;  to  right ;  that  is* 
the  dominant  movement  would  be  in  one  direction,  though  local  stomi?, 
winds,  tides,  or  currents  might  carry  materials  for  short  distances  in  the 
opposite  direction.  The  geologic  evidence  from  kind,  size,  rounding  and 
position  of  pebbles  composing  the  beach  of  the  foreland  would  doubtless 
settle  in  the  field  the  question  of  direction  of  transportation.  There  are, 
however,  facts  of  geographic  form  which  may  be  expected  to  result  from 
this  arrangement  of  currents.  These  facts  can  be  observed  upon  topo- 
graphic maps,  and  from  them  we  may  infer  the  dynamic  actions.  The 
three  criteria  of  form  from  which  we  may  infer  the  dominant  current 
alongshore  are  offset,  overlap,  and  stream  deflection.    The  three  usualk 

*  Proc.  BoKi.  Soc.  Nat.  Hist.,  vol.  xxvi,  1895,  p.  469,  and  figure  1. 

fPage  190. 

J  Appendix  16, 1867,  p.  152 ;  appendix  6, 1864,  p.  57. 

gGeol.  Hist,  of  Harbors,  Thirteentli  Ann.  Rep.  U.  S.  Geol.  Survey,  1891-^92,  p.  128. 
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occur  together,  but  each  is  found  alone ;  therefore  to  make  the  point 
more  emphatic  each  will  be  considered  by  itself. 

In  all  the  figures  used  in  this  paper  the  water  is  on  the  right  and  the 
land  on  the  left  without  regard  to  the  compass  bearing  in  those  figures 
drawn  from  actual  localities.  The  older  mainland  is 
cross-hatched,  while  the  forelands  are  left  white.  The 
observer  is  supposed  to  look  from  the  point  of  view  of 
the  sea  as  it  attacks  the  land ;  therefore  the  two  sides 
of  the  figures  w^ill  be  spoken  of  as  the  right  and  left 
respectively  as  seen  from  the  sea  looking  toward  the 
land. 

Types  of  offset  without  accompanying  overlap  are 
given  in  figure  1.  Overlaps  are  commonly  accom- 
panied by  offsets  of  the  shore  curves  in  the  same  direc- 
tion, as  is  markedly  the  case  in  Fire  Island  inlet,  I^ng 
island  (C.  S.,  119).  One  shore  curve  ofisets  another 
when  the  curve  itself  or  the  continuation  of  the  same 
passes  to  seaward  of  the  next  succeeding  shore  curve. 
When  this  oflFset  is  slight  it  may  be  perceived  by  looking 
along  the  shore  curve  putting  the  eye  close  to  the  map.     i^g^^b  i.-Offsets. 

The  typical  example  of  ofi*set  without  overlap  is  on  the  west  coast  of 
Jutland  (Denm.,  Thisted),  where  the  currents  are  known  to  be  from  the 
south,  which  is  in  this  case  the  right.  *  The  right  shore  curve  systemat- 
ically offsets  the  left  along  all  the  western  coast  of  Denmark. 

Many  examples  of  similar  offsets  are  known  along 
the  coasts  of  the  world,  and  wherever  the  dominant 
current  is  known  from  observation  the  ofisets  follow 
this  law :  Tlie  current  flows  frmn  the  outer  curve  toward  the 
inner  one.  On  account  of  the  number  of  cases  in  which 
the  offsets  agree  with  the  observed  currents,  it  is  pretty 
safe  to  conclude  when  offsets  occur  systematically  in 
one  direction  that  the  dominant  movement  alongshore 
is  in  all  probability  from  the  curves  which  ofiset  toward 
those  which  are  offset. 

Figure  2  shows  typical  overlaps.    The  right  hand 
curve  of  the  outer  shoreline  laps  over  the  next  suc- 
ceeding curve  of  the  outer  shoreline.    A  curve  which 
overlaps  the  succeeding  one  generally  offsets  it  as  well, 
though  in  places,  as  is  shown  in  the  lowest  example  in  figure  2,  the 
up-current  curve  may  intersect  the  down-current  one  if  extended  far 
enough.    This  occurs  where  the  factors  of  alongshore  transportation  are 


FiGURB   2,— Overlaps. 


*H.  Mohn:  The  North  Ocean,  Norwegian  North  Atlantic  Expedition,  187G-'78,  2,  xviii,  p.  168, 
pLzliiL 
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probably  changing,  and  the  down-current  curve  is  really  made  up  of  two 
curves,  and  the  up-current  curve  offsets  the  down-current  one  in  each 
case.  Typical  examples  of  overlap  occur  as  follows :  Perdido  bay,  Floriila 
(C.  S..  187) ;  Corpus  Christi  pass,  Texas  (C.  S.,  210) ;  Townsends  and 
Corsons  inlets  (New  Jersey  atlas,  17),  and  Fire  Island  inlet,  Long  island 
(C.  S.,  119). 

The  overlap  is  an  intermediate  form  between  the  offset  and  the  deflected 
stream.    A  graded  series  of  examples  might  be  given  from  simple  offset 

through  various  combinations  of  overlap  to  a  case  of 
stream  deflection  without  any  offset. 

Along  coasts  which  are  formed  of  unconsolidated 
materials  it  is  frequently  observed  that  rivers,  brooks, 
or  tidal  channels  aim  toward  the  sea  for  a  certain  dis- 
tance and  then  turn  and  run  along  nearly  parallel  to 
the  shoreline  and  finally  empty  to  the  right  or  the  left 
of  the  point  which  would  have  been  their.direct  course 
to  the  sea.  The  river's  intention  to  reach  the  sea  as 
quickly  as  possible  is  evidently  not  carried  out  where 
such  deflection  is  seen.  Some  disturbing  force  has 
come  in.  There  seems  little  doubt  that  this  force  is  tlie 
current  alongshore  which  has  turned  the  outlet  of  the 
stream.  Such  has  been  the  explanation  of  many 
authors.*  Figure  3  shows  the  relation  of  current  to 
deflection  of  streams. 

The  materials  of  which  the  foreland  is  constructed  come  from  the  main- 
land and  the  bottom  on  the  up-current  side,  while  on  the  down-current 
side  they  must  be  carried  inshore  from  the  point  of  the  cusp  or  else  built 
up  from  the  bottom.  This  carrying  back  of  sands  from  the  point  toward 
the  mainland  would  frequently  cause  a  hooked  spit  to  form  on  the  en<l 
of  the  cusp ;  therefore  in  this  class  cf  cusps  a  hook  ma}^  be  expecte<l. 
Off  the  tip  of  the  cusp  irregular  shifting  shoals  should  occur,  from  which 
projections,  like  underwater  spits,  might  be  expected  to  extend  in  the 
direction  in  which  the  current  flows  along  the  edge  of  the  shoal.  Since 
these  currents  on  either  side  of  the  cuspate  foreland  would  be  out  of  gear 
with  each  other,  there  would  be  set  up  between  them  small  whirls  of 
water  which  would  tend  to  change  the  form  of  the  shoals  frequently. 

TYPE, 

With  this  deductive  scheme  in  mind,  let  us  turn  to  the  maps  of  these 
capes  (C.  S.,  11,  142,  145,  146,  147,  149,  150,  420,  421,  424,  425)  and  st^ 


i 


PxouRB  z.—Stream 
Deflections. 


*  De  U  Beche :  GeoL  Noteii,  1«30,  vol.  ii,  p.  11,  pi.  1,  flgure  3 ;  Reclus :  La  Terre,  1870,  vol.  i.  p.^?; 
Sir  A.  Oeikfe :  Text-book,  3d  ed.,  p.  399. 
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what  the  form  there  shown  tells  iia  of  the  history  of  their  formation. 
These  charts  cover  such  a  large  area  and  are  executed  in  such  detail  that 
it  id  impossible  to  reproduce  them  satisfactorily  for  the  purposes  of  this 
paper.  The  Coast  Survey  charts  are  accessible  to  many,  and  the  facta 
which  are  here  taken  from  them  will  be  much  better  apprehended  with 
the  charts  in  hand. 

In  figure  4  is  given  atypical  drawing  of  a  current  cuspate  foreland. 
Ill  it  are  combined  those  features  of  the  three  Carolina  capes  and  cape 
Canaveral  which  the  author  deems  impor- 
tant to  show  the  method  of  growth.  Former 
positions  of  the  shorelines  are  indicated  by 
the  ridges  of  dunes  built  by  the  wind  along 
the  shore.  Such  former  positions  are  beau- 
tifully indicated  in  Canaveral  (C.  S.,  160, 
161),  where  three  or  four  successive  posi- 
tions of  the  outline  of  the  cusp,  each  further 
to  the  left  than  the  preceding,  are  delineated, 
besides  many  lines  of  a^radation  in  each 
position.  Similar  lines  of  growth  are  seen 
at  cape  Fear  where  the  present  right  shore- 
line cuts  off  the  eastern  ends  of  the  four 
dune  ridges  extending  east-southeast  from 
the  light-house  and  curving  sympathetic- 
ally with  the  left  shoreline.  Cape  San  Bias, 
on  the  west  coast  of  Florida  (C.  S.,  183, 184), 
nhows  four  stages  on  the  right  side  and  nine 
successive  stages  of  aggradation  on  the  left 
side.  A  more  striking  example  of  aggrada- 
tion lines  is  seen  in  the  cusp  of  Darsser 
cape  in  the  Baltic  (Germ.,  61, 62,  63),  where 

thirty-eight  Hyatematic  and  successive  shore-     i^oo""  t.—Type  nrrtxi  cuifau 
lines  are  indicated  by  dune  ridges. 

The  three  criteria  of  form,  offset,  overlap,  and  stream  deflection,  by 
which  we  may  recognize  the  direction  of  dominant  movement  along- 
shore are  all  seen  along  the  Carolina  coast,  and  are  shown  in  the  type 
drawing  (figure  4).  To  make  the  point  clearer  each  of  the  criteria  will 
lie  considered  separately  and  occurrences  pointed  out.  The  typical 
hooked  spit  and  the  shoab  will  be  considered  under  later  headings. 

OFFSETS  IN  THE  CARQLINAS. 

Along  the  Carolina  coast  examples  are  numerous  in  which  the  right 
shore  curve  offsets  the  left.    Among  these  the  following  cases  will  be 

XLVIII— Bdu,.  QioL.  Soc,  A«„  Vot.  T,  1896. 
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mentioned  from  north  to  south :  Oregon  inlet,  Hatteras  inlet.  Whale- 
bone inlet,  Beaufort  entrance,  Bogue  inlet,  New  Topsail  inlet,  Cape  Fear 
river,  Shallotte  inlet,  and  Murrells  inlet.  Bear  inlet  northeast  of  New 
river  is  the  only  prominent  case  where  the  left  curve  offsets,  and  in  this 
region  the  overlap  in  New  river  inlet  is  from  the  right  to  the  left. 

The  offsets  are  so  common  from  the  right  to  the  left  along  the  Carolina 
coast  and  so  rarely  does  one  occur  where  the  left-hand  curve  is  to  the 
seaward  of  the  right-hand  curve  that  a  dominant  current  moving  from 
the  right  or  north  is  indicated. 

Along  the  Florida  coast  also  the  dominant  overlap  is  from  the  right, 
as  at  Matanzas  inlet  (C.  S.,  159),  Jupiter  inlet  (C.  S.,  164). 

OVERLAPS  IN  THE  CAROLINAS. 

Examples  along  the  Carolina  coast  from  north  to  south  are  as  follows: 
Stump  inlet,  Barren  inlet,  Bacon  inlet.  White  Point  swash,  Singleton 
swash,  Murrells  inlet,  and  many  smaller  inlets.  The  right  shore  curve 
in  each  of  these  cases  overlaps  the  left,  which  indicates  that  the  trans- 
portation of  material  from  the  right  to  the  left  prevails  over  movement 
in  the  opposite  direction.  A  few  examples  occur,  as  at  New  River  inlet 
(C.  S.,  422),  where  the  overlap  is  from  the  left,  which  shows  some  trans- 
portation from  left  to  right.  The  right  shore  curve,  however,  at  New 
river  offsets  the  left,  thus  indicating  that  here  there  is  movement  also 
from  the  right.  Storms  from  different  directions  and  seasonal  changes  of 
winds  occur  along  various  shores,  so  one  would  expect  to  find  indica- 
tions of  movement  in  opposite  directions.  The  prevailing  form  of  such 
a  coast  indicates  the  dominant  current. 

STREAM  DEFLECTIONS  IN  THE  CAROLINAS. 

Streams  are  deflected  to  the  left  along  the  Carolina  coast  in  the  follow- 
ing places :  Stump  inlet,  Cape  Fear  river,  Lockwood  Folly  inlet.  Bacon 
inlet,  Shallotte  inlet,  Singleton  swash,  Murrells  inlet,  besides  several  little 
brooks  and  tidal  inlets. 

The  deflection  to  the  left  of  the  Peedee  River  system  is  well  shown  on 
the  geologic  map  of  South  Carolina,  issued  by  the  State  Board  of  Agri- 
culture in  1883. 

There  are  a  few  examples  of  deflection  to  the  right,  particularly  near 
New  River  and  Little  River  inlets.  These  inlets  occur  in  the  bavs  be- 
tween  the  cusps  where  the  range  of  the  tides  is  greater  than  at  the  capes 
themselves.  Professor  Shaler  has  pointed  out*  that  this  greater  height 
in  the  bay  would  cause  outflowing  currents  toward  the  horns  of  the  bay. 
This  action  is  indicated  by  the  few  cases  of  overlaps,  offsets,  and  stream 

•Thirteenth  Ann,  Rep.  U.  S.  Geological  Survey,  p.  180. 
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deflections  to  the  right,  all  of  which  occur  in  the  right-hand  half  of 
Onslow  and  Long  bays.  The  dominant  movement  along  the  coast,  how- 
ever, from  the  indications  of  overlap,  offset,  and  stream  deflection,  is  from 
right  to  left,  which  accords  with  Mr  Abbe's  theory  of  backset  eddies. 

HOOKED  SPIT  OF  LOOKOUT. 

Cape  Lookout  is  characterized  by  a  spit  projecting  from  the  point  of 
the  cu8i>  which  has  a  recurving  hook  on  its  left  side.  This  has  been 
shown  in  the  type  drawing  (figure  4).  The  curve  of  the  right  side  of  the 
spit  is  continuous  with  the  curve  of  the  right  shore  bar,  with  an  offset 
from  the  right  near  the  base  of  the  hooked  spit.  On  the  opposite  side  of 
the  spit  the  minute  offsets  are  also  from  the  right  to  the  left.  The  offsets 
therefore  indicate  currents  flowing  in  opposite  directions  upon  the  two 
sides  of  the  spit,  both  moving  from  the  right  to  the  left.  The  form  of  the 
recurved  hook  is  evidence  for  a  current  moving  from  the  sea  toward  the 
land  at  this  point  on  the  left-hand  side  of  the  cusp,  because  for  its  exten- 
sion material  must  be  carried  toward  the  point  of  the  hook  from  some 
other  locality,  and  since  the  hook  curves  in  toward  the  land  and  has  a 
smooth  contour  on  the  outside  and  an  irregular  one  on  the  inside,  trans- 
portation is  inferred  along  the  graded  and  not  the  ungraded  path.  The 
form  of  the  Lookout  recurved  spit  indicates  a  current  from  the  land 
toward  the  sea  on  the  right  and  one  from  the  sea  toward  the  land  on  the 
left  of  the  cusp. 

SHOALS  OFF  THE  THREE  CAPES. 

Offshore  from  the  Carolina  cusps  are  shifting  shoals  which  are  danger- 
ous to  the  mariner,  and  therefore  are  charted  in  detail  by  the  Coast 
Survey.  From  the  backset  eddy  theory  one  would  expect  shoals  between 
currents  moving  out  of  gear,  as  any  two  adjacent  backset  eddies  must 
necessarily  revolve.  This  flow  of  water  in  opposite  directions  is  indicated 
by  the  form  of  the  shoals  as  given  upon  the  charts.  On  the  right  side  the 
spurs  from  the  shoals  point  prevailingly  seaward,  while  on  the  left  they 
point  landward,  showing  a  systematically  sympathetic  accordance  with 
the  offsets  on  land.  This  is  seen  upon  the  charts  of  all  three  capes : 
Hatteras,  Lookout,  and  Fear  (C.  S.,  145,  147, 424).  The  shifting  of  these 
shoals  is  a  well  known  fact,  which  is  one  of  the  reasons  why  this  region 
off  Hatteras  is  the  one  where  more  vessels  have  been  lost  than  any  other 
along  our  coast.  This  is  shown  by  the  records  of  the  Hydrographic 
Office.* 

THEORY  CONFRONTED  WITH  FACT. 

The  above  brief  review  of  the  facts  of  the  Carolina  coast  as  shown 
upon  our  maps  is  strongly  indicative  of  an  arrangement  of  alongshore 

*See  Pilot  Chart  of  the  North  Atlantic  Ocean. 
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currents  such  as  has  been  suggested  above  (page  404).  A  large  array  of 
facts  point  to  a  dominant  movement  from  right  to  left  along  the  coast 
stronger  in  some  places  than  in  others,  but  dominantly  in  one  direction. 
The  few  facts  which  appear  to  contradict  the  main  hypothesis  are  ex- 
plained by  the  secondary  hypotheses  of  tidal  currents  or  storm  move- 
ments in  the  opposite  direction.  The  forms  of  the  cuspate  points  them- 
selves suggest  the  backset  eddies  by  their  shoals,  recurved  hooks,  ofis^ts, 
overlaps,  and  stream  deflections.  The  deductive  and  inductive  study  of 
this  coast  in  the  laboratory  has  suggested  this  explanation ;  its  confirma- 
tion, extension,  or  rejection  awaits  the  local  observer  in  the  field. 

OTHER  EXAMPLES, 

Hatteras  is  a  skeleton  foreland ;  the  outline  is  cuspate,  but  as  yet  the 
water  body  included  by  the  oflRihore  bar  is  not  filled  with  sands  blown 
by  the  winds  and  waste  brought  in  by  land  and  tidal  streams.  Lookout 
has  a  smaller  water  body  and  Fear  still  less  water  to  fill,  while  Dareser 
cape  in  the  Baltic  is  nearly  all  land.  The  foreland  in  this  last  case  was 
built  apparently  by  successive  accretions,  and  probably  never  was  in  the 
outline  stage  of  Hatteras. 

In  small  water  bodies,  lakes,  and  tideless  seas  the  winds  would  originate 
currents  of  smaller  radius  of  curvature,  which  should  in  turn  produce 
smaller  cuspate  forelands.  The  cuspate  points  in  the  Danish  watere  are 
probably  such  forelands.  These  are  seen  on  the  topographic  maps  of 
Denmark  in  the  following  localities:  Roskilde  fiord  (Denm.,  Hilderod). 
Soen  Mellem  Smalandene  (Denm.,  Saxkjobing,  Vordingborg\  Lim- 
f  jorden  (Denm.,  Logstor),  on  Langeland  and  the  islands  to  the  west 
(Denm.,  Svendborg,  Nakskav,  Gulstav,  Faaborg),  and  in  other  localities 
along  the  Danish  and  German  coasts. 

Del  Faro  point,  on  the  northeast  of  Sicily,  projects  between  the  current 
in  the  straits  of  Messina  and  the  eddy  of  the  Tyrrhene  sea  (Ital.,  254). 

The  Bonneville  cuspate  forelands  belong  in  this  first  class,  which  in- 
cludes those  cusps  formed  by  wind-made  currents,  although  in  size  and 
contour  they  more  nearly  resemble  the  tidal  cusps  of  the  next  class  than 
they  do  the  Carolina  forelands.  They  are  proportional  to  the  currents 
which  existed  on  the  old  lake  and  are  similar  in  size  and  outline  to  the 
Danish  cusps.  Professor  Russell  also  reports  V-bars  in  the  fossil  shores 
of  lake  Lahontan.*  These  cusps  seem  to  have  been  built  upward  as  the 
waters  of  the  lakes  rose,  but  the  water  level  never  remained  constant  long 
enough  for  the  lagoons  to  become  filled  forming  solid  forelands,  since 
Mr  Gilbert  reports  only  a  partial  silting  up.f 

•  Monograph  XI.,  U.  S.  Geological  Sarrey,  p.  93. 
t.Loc.  clt.»  p.  121,  pi.  xviil. 
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The  type  of  current  cuspate  forelands  has  been  given  as  the  Carolina 
case  where  the  cuspate  form  is  so  marked  and  well  known.  The  hy- 
j)()tlie8i3  of  backset  eddies  from  the  Gulf  stream,  here  presented  as  the 
mode  of  origin,  may  not  be  so  well  known  and  may  require  confirmatory 
proof.  This  hypothesis  is  not  given  as  the  only  one  for  the  origin  of  all 
current  cuspate  forelands,  though  it  is  the  only  one  here  considered  in 
ertenm.  Two  other  possible  combinations  of  currents  have  been  pointed 
out,  and  several  different  causes  may  originate  the  currents  in  diflferent 
places - 

Tidal  Cusps. 
location  and  description, 

In  regions  of  drowned  valleys,  long  inlets,  or  narrow  sounds,  where  the 
two  opposite  shorelines  are  roughly  parallel  to  each  other,  cuspate  de- 
])osit8  of  sand  frequently  occur  when  shore  evolution  has  reached  an 
adolescent  stage  of  development  and  transportation  alongshore  has  begun. 

These  forelands  usually  project  from  one-quarter  to  three-quarters  of  a 
mile  into  the  sea  and  vary  in  breadth  between  the  same  limits.  In  some 
cases  the  cusps  are  long  and  narrow,  while  in  others  they  are  short  and 
broad.  Frequently  they  inclose,  more  or  less  completely,  lagoons  but  in 
some  instances  there  is  no  included  water  body  or  if  there  was  one  it 
has  become  filled.  The  curve  of  the  two  outer  edges  of  these  deposits 
is  concave  toward  the  water  and  is  a  continuation  of  the  curve  at  the 
base  of  a  shore  cliff.  These  two  concave  curves  intersect  in  'a  marked 
cusp  which  is  sometimes  typically  pointed,  though  in  other  cases  the 
tip  is  rounded.  The  axis  of  these  forelands  projects  approximately  at 
right  angles  to  the  shoreline  and  also  at  right  angles  to  the  general  direc- 
tion of  the  tidal  currents  in  the  inlets. 

TYPE. 

West  point,  north  of  Seattle,  Wasliington  (figure  5),  will  be  taken  as 
the  type,  and,  after  giving  its  description  and  discussing  the  method  of 
its  formation,  others  differing  in  details  of  form  will  be  considered.  Mag- 
nolia bluff,  two  miles  northwest  of  the  city  of  Seattle,  has  a  gently  swing- 
ing curve  doubtless  quite  satisfactory  to  the  current  here  prevailing. 
This  curve  continued  forms  the  right  boundary  of  the  West  point  cusp. 
The  curve  on  the  left  side  of  the  foreland  is  in  like  manner  a  continuation 
of  the  curve  of  another  cliff  (C.  S.,  658 ;  G.  S.,  Seattle).  On  the  inside  of 
the  cusp  there  is  a  faint  cliff  where  the  coast  was  nipped  after  the  initial 
drowning.  The  central  lagoon  is  nearly  all  converted  into  marsh,  a  small 
tidal  inlet  remaining  on  the  left  side  with  a  few  small  ramifying  branches. 
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The  cusp  ia  very  perfectly  formed  by  the  intersection  of  the  two  curves 

in  a  sharp  point. 
Plate  18  (facing  page  399)  represents  a  cusp  in  Narragansett  bay  which 

is  nearly  as  typical  in  form  and  position  as  West  point.  Sand  point  pro- 
jects from  the  eastern  side  of 
Prudence  island  (C.  S.,  353) 
into  a  channel  less  than  two 
miles  broad  and  from  10  to 
17  fathoms  deep,  5i  fathonis 
off  the  point  of  the  foreland. 
This  cusp  ia  smaller  than  the 
average  tidal  cusp  anil  it 
shows  no  included  lagoon  or 
march.  Mr  J.  BAVoodworth. 
for  whom  the  photograph  was 
taken,  says  that  the  ice  in 
winter  overrides  this  ou^[i 
and  thus  any  indications  nf 
/  embryonic  form  would  be 
■^  obliterated.  The  secondary 
viovt.K  •..-T\j»udai  cmpau  Fo.^ia^d.  ^usp  on  the  left  side  of  the 

foreland  appears  to  be  due  to  the  collection  of  sand  about  rocks  or  piles. 

The  view  is  taken  from  the  cliff  south  of  the  foreland  looking  northeast.* 
A  profile  has  been  drawn  from  another  typical  cusp,  point  Wilson  [C. 

S.,  6405),  north  of  Port  Townsend,  Washington.    This  drawing  (figure^) 


shows  the  relation  of  the  foreland  to  the  older  mainland.  The  broken 
line  indicates  the  probable  initial  form  of  the  land  following  the  deprcs- 
aion  which  inaugurated  the  present  cyi^le  of  shore  development.  The 
"foreland  "  quality  of  the  cusp  is  hero  clearly  seen.  It  is  constructed  by 
transportiition  and  accumulation  in  front  of  the  nipped  oldlaud.  Al- 
though plotted  from  the  soundings  and  contours  about  point  Wilson, 
this  figure  will  serve  as  a  general  profile  of  all  the  cusps  of  this  class. 
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Where  the  initial  slopes  were  less  steep,  less  contrast  is  seen  between  the 
oldland  and  the  foreland. 

TIDAL  HYPOTHESIS. 

Before  considering  other  cusps  which  differ  somewhat  from  West  point, 
let  us  look  for  a  moment  at  what  might  be  expected  to  result  in  narrow 
channels  with  sides  nearly  parallel.  Waves  would  attack  this  inner  shore- 
line to  a  greater  or  less  extent  at  all  points.  When  adolescence  is  reached 
in  the  process  of  shore  evolution  and  waste  is  supplied  faster  than  it  can 
all  be  carried  offshore,  it  will  be  transported  and  deposited  somewhere. 
What  is  the  agent  of  transportation?  Where  should  one  expect  to  find 
the  waste  deposited  ?  It  has  already  been  pointed  out  that  the  great  sys- 
tem of  ocean  eddy  currents  is  not  able  to  affect  the  inner  as  it  does 
the  outer  shoreline.  I^ocal 
winds  must  produce  small 
currents  proportional  to 
the  size  of  the  water  bodies, 
but  these  will  be  so  weak  in 
narrow  channels  that  their 
effects  will  be  lost  in  those 
of  even  moderately  strong 
tidal  currents.  Thus  it 
seems  safe  to  conclude  that 
the  probable  agent  of  trans- 
portation in  such  channels  Fiourb  J.-Ideal  Sck^f!^of  tidal  Inflow,  Port  Discovery, 

is  the  tidal  ebb  and  flow.  Washington. 

An  ideal  scheme  of  inflowing  tide  with  the  eddies  which  would  prob- 
ably accompany  it  is  given  in  figure  7.  Where  the  movement  is  least  in 
the  triangles  of  more  or  less  dead  water  between  the  several  members  of 
the  circulatory  system  the  deposition  would  take  place.  In  the  majority 
of  places  the  outflowing  tide  would  reverse  the  direction  of  flow  and 
transportation  of  shore  waste ;  therefore  the  combined  action  of  ebb  and 
flow  would  shape  the  tidal  foreland  so  that  its  central  axis  would  be  at 
right  angles  to  the  general  direction  of  tidal  flow. 

The  cuspate  forelands  which  are  mentioned  under  the  three  following 
heads  are  arranged  in  three  stages  of  progressive  development,  the  V-bar 
stage,  the  lagoon-marsh  stage,  and  the  filled  stage. 

V-BAR  STAGE, 

A  much  younger  stage  than  that  of  West  point  is  seen  on  the  same 
sheet  at  Meadow  point.    Here  the  bars  surround  a  relatively  large  lagoon 
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which  apparently  has  hardly  he^un  to  fill.    The  form  of  this  baris  wIiliI 
Mr  Gilbert  has  called  V-shaped.* 

Various  examples  on  the  eastcoa-it  of  Port  Discovery  (C.S.,G4S)5hon 
V-shaped  bars  inclosing  lagoona.  The  greater  number  of  forelands  in 
this  baj'  have  their  greai^-f 
extension  alongshore.  Beck- 
ett point,  however,  ha:^  it? 
length  normally  at  rii;lit 
■;      angles  to  the  shoreline. 

At    point    Monroe,    near 
Port  Madison,  Washingtnri 
(C.  S.,  663).  a  looped  bar  in- 
closes a   lagoon   somewliiii 
similar  to  those  just  meii- 
t    tioned  (figure  8).    The  shore 
drift  is  here  all  from  the  Icti, 
-     and  the  curve  of  the  liar  \f 
g     convex  seaward.     At  puiiit 
Jefferson,  further  north,  on 
the  same  sheet  there  is  an- 
"      other  convex  bar  incWinja 
i^  '  ■     ■  1. 1     I    '*!*"  I     ■     ■     r — I  lagoon  where  the  drift  h^ 

PmcBBX. -y-daisiagr.  been  from  the  left,  as  shown 

by  the  continuation  of  the  cliff  curve  in  the  bar.    These  two  exanipli^ 
do  not  give  the  typical  euspate  form. 

LAOOOHMARSH  STAGE. 

Various  stages  of  lagoon  filling  are  shown  on  the  Port  Townsend  shwl 
(C.  S.,  647 ;  last  edition,  6405).  Walan  point  foreland  has  considewlile 
area  of  lagoon  and  still  maintains  open  connection  with  Port  Townsend. 
At  point  Hudson  there  remains  an  unfilled  lagoon  but  its  comiectimi 
with  the  sea  is  lost.  At  point  Wilson  a  small  lagoon  now  exists,  while  at 
Kala  point  the  lagoon  is  practically  converted  into  a  marsh.  Ou  the 
foreland  at  Marrowstone  point  the  sand  dunes  have  almost  olihtenitol 
the  marsh. 

On  this  same  Port  Townsend  sheet  the  rounding  of  the  point  of  die 
cusp  may  be  studied.  At  Port  Wilson  the  concave  cur\-es  intersect  in  a 
slightly  rounded  cusp,  while  at  Kala  point  the  cusp  is  more  blunt,  :nid 
Walan  point  is  decidedly  rounded.  The  curves  at  point  Hudson  have 
a  long  radius  so  the  sides  of  the  cusp  are  nearly  straight,  and  since  ihey 
meet  nearly  at  right  angles,  the  foreland  has  a  broad,  flattened  ap|)ear- 
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ance.  The  curve  on  the  right  side  of  Marrowstone  point  changes  from 
a  concave  to  a  convex  form  so  that  it  gives  that  side  of  this  foreland  a 
snubbed  look. 

Sand  point,  projecting  into  Popof  strait,  Alaska  (C.  S.,  8891),  is  a  fairly 
typical  example  of  a  cuspate  foreland  with  inclosed  lagoon.  The  point 
is  here  somewhat  blunted,  more  on  the  southern  than  on  the  northern 
side.     This  foreland  as  mapped  is 


Gaspee  Poirxt 


Metres. 
aoo      300 
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very  evidently  a  piece  of  made 
land  built  forward  in  the  process 
of  shore  development. 

A  typical  example  is  seen  in 
New  Dungeness  harbor,  Washing- 
ton (C.  S.,  646),  where  inside  of  the 
beautiful  hooked  spit  forming  the 
harbor  the  foreland  projects  with 
a  very  sharp  point. 

Gaspee  point  (figure  9)  in  Nar- 
ragansett  bay  (C.  S.,  3047)  may  be 
taken  as  a  typical  example  of  this 
lagoon-marsh  stage. 

A  rounded  cusp  with  com- 
f>letely  inclosed  lagoon  occurs 
near  the  mouth  of  Horup  bay 
(Germ.,  24;  Denm.,  Faaborg). 
Upon  the  same  sheet  there  is  a 

typically  sharp  pointed  cusp  pro-  figure  ^.-Lagoon-marsh  stage. 

jec ting  from  the  north  end  of  Aro  island.  This  projects  at  right  angles 
to  the  general  shoreline,  but  the  belt  of  water  is  here  so  wide  that  the 
wind-made  currents  probably  have  as  much  controlling  influence  as  the 
tidal,  possibly  more. 

FILLED  STAGE. 

Dunge  Ness  point,  on  Romney  marsh,  England,  is  a  cuspate  projection 
into  the  English  channel  (Eng.,  4).  The  direction  of  transportation  of 
detritus  is  from  the  west  around  the  point.* 

This  foreland  seems,  on  account  of  the  large  marsh  areas  included,  to 
have  passed  through  a  Y-bar  stage,  but  the  aggradation  lines  of  growth 
at  the  point,  which  has  changed  its  position  since  records  have  been  kept, 
suggest  that  the  second  method  of  growth,  mentioned  below,  has  suc- 
ceeded the  first  at  the  point. 

*W.Topley:  Geol.  of  the  Weald,  1876,  pp.  211,  303 ;  F.  Drevr  :  Romney  Marsh,  Mem.   Geol.  Sur., 
Eng.  and  Wales,  1864. 

XLIX— Bull.  Giol.  Soc  Am.,  Vol.  7,  1896. 
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In  the  eastern  entrance  to  Magellan  strait,  South  America,  is  one  of 
the  largest  known  forelands  of  this  class.  Westward  from  cape  Virgins 
and  south  of  a  nipped  cliff  100  to  300  feet  in  height  projects  from  5  to  6 
miles  a  second  Dungeness,  named  by  some  British  seaman  in  recognition 
of  a  form  similar  to  that  of  the  great  English  sand  cusp  (H.  O.,  443, 
profile  in  view  A), 

Sandy  point,  Magellan  strait,  South  America  (H.  O.,  450a),  is  another 
example. 

Alice  point,  on  the  bottom  of  the  foot  of  the  Italian  boot,  is  a  foreland 
which  shows  no  included  marsh.  Its  axis,  if  projected  across  the  gulf 
of  Taranto,  would  touch  the  extremity  of  the  heel,  as  if  its  existence 
showed  the  attempt  of  the  sea  to  close  the  gulf  (Ital.,  231). 

South  of  Rettin  there  is  a  somewhat  irregular  cusp  (Germ.,  84). 

A  cusp  projects  into  Der  Bodden  from  the  southeastern  point  of  Riigen 
island  (Germ.,  89). 

There  are  several  cusps  inside  of  Frische  and  Kurische  bare  (Genu., 
3,  8, 15, 16,  29,  48,  49,  71,  72). 

In  Vejle  fiord  (Denm.,  Fredericia)  there  are  several  cuspate  projection?, 
often  called  "  Hage  "  or  hook,  whose  form  and  position  indicate  eddies 
in  the  tidal  in  and  out  flow. 

At  the  mouth  of  the  Elbe  river,  west  of  Cuxhaven,  is  a  low  projecting 
point  which  seems  to  be  a  foreland  (Germ.,  110). 

Two  broad,  completely  filled  cuspate  forelands  occur  in  the  Kieler  ami 
Eckernfbrder  bays  respectively  (Germ.,  58).  Friedrichsort  is  built  upon 
the  former,  while  the  latter  lies  six  kilometers  east  of  Eckenforde. 

METHODS  OF  GROWTH. 

It  would  seem  from  inspection  of  the  maps  that  it  was  the  more  com- 
mon thing  to  inclose  lagoons,  though  in  some  places  the  growth '  has 
evidently  begun  at  the  mainland  and  progressed  outward.  In  False 
Dungeness  harbor,  or  Port  Angeles,  some  of  these  cuspate  deposits  are 
seen  which  do  not  appear  to  have  ever  inclosed  any  lagoons  (C.  S.,  646 ; 
last  edition,  6303).  Three  of  the  cusps  on  the  inside  of  the  Coatue  spit, 
Nantucket,  have  no  lagoons ;  but  as  the  other  two  have  and  since  they 
are  nearer  the  end  of  the  spit  and  hence  probably  later  formed  it  is  quite 
likely  that  the  earlier  formed  forelands  also  began  with  lagoons  (C.  S., 
Ill,  343;  G.  S.,  Nantucket,  Mass.). 

Professor  Shaler  has  ascribed  these  Coatue  cusps  to  tidal  whirlpools. 

He  says : 

*'  From  a  superficial  inspection  it  appears  that  the  tidal  waves  are  thrown  into  a 
series  of  whirlpools,  which  excavate  the  shores  between  these  salients  and  accumu- 
late the  sand  on  the  spits."  * 

*Bull.  U.  S.  Geol.  Survey,  no.  63, 1889,  p.  IS. 
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Among  these  filled  cusps  are  included  doubtless  those  which  have 
passed  through  the  V-bar  stage  as  well  as  those  which  have  grown  by 
gradual  outbuilding,  since  from  present  knowledge  it  is  impossible  to 
separate  the  two  groups.  With  better  maps  and  descriptions  of  the  cusps 
a  later  classification  will  make  closer  distinctions. 

THEORY  CONFRONTED  WITH  FACT. 

After  this  general  survey  of  the  varying  forms  of  cuspate  forelands 
selected  from  the  many  examples  in  the  narrow  water  bodies  of  the  world, 
the  foUowing-^neralization  may  be  made:  However  varied  the  form 
resulting  from  the  local  conditions,  tides,  relief  of  oldland,  etcetera,  the 
axis  of  a  line  drawn  from  the  point  of  the  cusp  through  the  center  of  the 
foreland  is  always  at  right  angles  to  the  general  direction  of  flow  of  the 
tidal  currents. 

Where  there  are  strong  tides,  as  in  Puget  sound,  Chesapeake  bay,  and 
Narragansett  bay,  there  are  numerous  and  typical  cuspate  forelands ; 
while  in  Albemarle  sound  the  range  of  tides  is  less  than  one  foot,  and 
here  few  sandy  points  of  a  cuspate  form  occur. 

Thus  the  facts  of  observation  seem  to  correspond  with  the  principal 
requirement  of  the  theory.  Studies  of  the  existing  currents  in  regions 
where  these  forelands  are  found  are  now  needed  to  further  test  the  tidal 
hypothesis.  From  present  knowledge  this  seems  to  be  the  best  working 
hypothesis. 

Two  methods  of  growth  are  suggested.  In  one  the  outline  of  the  fore- 
land is  early  given  by  a  V-bar,  and  later  this  inclosed  lagoon  is  pro- 
gressively filled.  In  the  other  the  foreland  grows  by  successive  additions 
to  the  mainland.  The  first  appears  to  be  by  far  the  larger  class,  though 
examples  of  the  latter  are  liable  to  be  confused  with  the  filled  stage  ot 
the  first  class. 

Between  the  narrow  channels  and  the  open  sea  there  are  all  gradations 
in  size  of  water  bodies,  so  we  should  expect  to  find  forelands  built  by 
combination  in  diff'erent  proportions  of  tidal  and  wind  currents.  Such 
Civses  have  been  referred  to  above  in  Del  Faro  point,  Aro  island  cusp,  and 
Alice  point. 

Delta  Cusps. 
introd  uctor  y  st  a  tement. 

Rivers  in  wandering  across  their  alluvial  plains  often  produce  along 
their  banks  small  cuspate  points  between  whirling  eddies,  which  are 
located  along  river  banks  as  the  tidal  cusps  are  along  inland  channels. 
These  could  hardly  be  grouped  as  a  class  of  forelands  as  the  word  has 
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been  ased,  but  the  rivers  in  entering  the  sea  often  do  aid  in  the  cod- 
stniction  of  cuspate  projections  from  the  older  mainland,  and  this  cla^ 
of  forelands  will  now  be  considered. 

BIVBR  VERSUS  CURRENT. 

When  a  river  empties  into  the  sea  a  contest  ensues  between  it  and  the 
currants,  except  where  the  sea  is  at  work  upon  an  offshore  bar  and  the 
river  mouths  in  a  protected  l^oon.    The  river  trausports  waste  to  sea- 
level,  the  currents  transport  it  beyond  wave  attack  or  below  wave-base. 
At  the  shore  therefore  the  rtver  intention  and  the  sea  intention  are  op- 
posed to  each  other.    The  river  tries  to  build  forward  its  delta,  while  the 
sea  attempts  to  cut  into  the  land.     If  the  river  in- 
tention is  successful  a  lobate  delta  results.     Klhe 
sea  carries  out  its  desire  no  delta  is  eonstmcleil, 
•    the  complete  satisfaction  of  the  sea  being  shorn 
where  the  river  is  blocked  by  the  beach,  the  wat«r 
having  to  filter  through  the  sand,  as  is  the  case  at 
Oceanside,  California.     A  great  variety  of  interme- 
diate forms  of  deltas  occur,  which  are  determined 
by  the  arrangement  and  the  ratio  between  river 
,    and  sea  activity.     One  where  both  agents  are  effec- 
tive is  the  cuspate  delta. 

THEORY  OF  FORMATION. 

Three  hypotheses  for  the  formation  of  cospate 

deltaawill  be  here  presented.     The  first  (figure  W) 

is  where  the  river  mouths  in  a  locality  where  the 

dominant  sea  action  is  on  and  ofl"  shore.    The  eur- 

TiioTnKia.~ideaisiattto/  •*"*■  Aowing  toward  the  land  will  flow  to  the  right 

Delta  Growth,  with  dominant  aiid  left  of  the  moutli  of  the  Stream,  carrying  the 

ana-  effs  ore   urrtnis.      nyer  detritus  toward  the  mainland  and  building 

out  the  foreland.    The  outflowing  current  will  doubtless  carry  some 

material  back  from  the  land,  hut  according  to  this  theory  of  growth  the 

foreland  is  built  up  mainly  from  the  land  waste  brouglit  down  by  the 

river  and  from  bottom  detritus  brought  inshore  by  the  currents. 

The  second  hypothesis  is  where  the  dominant  action  is  alongshore. 
As  indicated  in  figure  11,  the  current  is  from  the  right.  In  the  earlier 
stipes  of  this  method  of  growth  the  alongshore  current,  if  relaliTely 
stronger  than  the  river  current,  will  curve  around  the  mouth  of  the  river 
and  give  the  delta  a  rounded  outline.  As  the  delta  grows  forward  it  bt- 
.comes  more  difficult  for  the  alongshore  current  to  bend  around  the  point 
of  the  delta,  and  finally  it  la  broken  into  two  eddies,  as  shown  in  the  out- 
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side  current  lines  in  figure  12,    A  rounded  delta  may  thus  become  a  cus- 
jiate  one.     If  the  ratio  between  river  and  sea  increases  in  &vor  of  along- 
shore action  a  cuspate  delta  may  be  changed 
to  a  rounded  one. 

Included  mareh  areas  are  drawn  in  this 
type  because  where  a  dominant  movement 
alongshore  is  indicated  on  the  maps  such 
areas  usually  occur.  They  do  not  neces- 
sarily result  from  this  hypothesis  of  growth, 
and  may  occur  in  any  delta  where  the  ad- 
vance haw  been  by  leaps. 

The  third  method  of  formation  is  where 
two  currents  move  alongshore,  one  from  the 
right  and  the  other  from  the  left,  toward 
the  mouth  of  the  stream.    The  river  may 
act  in  this  case  as  the  projection  of  the  land 
at  the  b^inning  of  a  new  cycle  was  sup- 
posed to  do  in  starting 
the  growth  ofacurrent 
cuspate  foreland  (page 

''  FiGCRB  w.-tdial  Siagts  of  DtHa 

The  three  methods    Gtawlh    with    domitant   alongsHort 

of  growth  can  doubt-  '■'"■'■'"'• 

\         less  be  easily  distinguished  upon  the  ground.    It 

is  not  so  easy  upon  the  maps,  for  the  main  indica- 

-V      tion  as  to  current  upon  the  delta  foreland  is  the 

-*      deflection  of  small  streams.    Such  streams  often 

T     do  not  exist.    Oifsets  and  overlaps  are  not  eom- 

/        mon  upon  delta  forelands.     If  there  is  a  dominant 

current  along  a  coast  a  delta  occurring  upon  it  may 

with  great  probability  be  referred  to  the  second 

method  of  growth.     Like  so  many  other  things  in 

this  world,  this  is  wholly  a  question  of  ratios,  and 

in  any  given  delta  there  will  be  some  on  and  o£f 

shore  action  and  some  alongshore  action. 

PiarxB  t3.-/dtiil  Stages 
e/DelU   GrowtA   with  two  TTPE. 

"longikoTe  Currinlsloward 

^"'-  The  typical  example  of  a  cuspate  delta  is  given 

in  figure  13.  Thetwogentlyswingingshorecun-es  concave  seaward  with 
tlieirdune-lined  beaches  are  the  work  of  the  sea.  Atthepqintof  intersec- 
tionof  these  two  curves  the  river  mouths.   The  form  of  the  land  shows  that 
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if  it  were  not  for  the  river  there  would  not  be  any  cusp  here,  as  there  is  ni> 
projecting  point  in  the  oldland  to  cause  eddies  in  the  currents.  The  evi- 
dence Irom  the  turning  of  the  mouths  of  the  smali  streams  both  to  right 
and  left  indicates  that  the  direc- 
tion of  current  motion  alongshore 
is  probably  sometimes  in  one  di- 
rection and  sometimes  in  the  re- 
verse. The  smaller  streams  on 
each  side  of  the  river  mouth  are 
deflected  away  from  the  point  of 
the  cusp,  indicating  that  the  delta 
mass  divided  an  on-shore  current 
and  turned  it  to  the  right  and  left, 
carrying  the  river  sediment  from 
the  river  along  the  shore.  Further 
from  the  river,  both  on  the  right 
and  left  sides,  there  are  streaiiif 
deflected  toward  the  mouth  of  the 
main  stream.  There  is  here  evi- 
dently no  dominant  movement  in 
either  direction  alongshore. 

A  former  st^e  of  the  delta  is 
indicated  by  the  ridge  of  geolog- 
ically older  material,  which  is 
represented  in  the  figure  by  the 
broken  line.  This  earlier  stage  of 
the  delta  front  is  sefn  to  have  a 
rounded  outline.  This  suggests 
that  formerly  there  was  a  domi- 
nant movement  alongshore.  Baefc 
KitBiH^trti  of  this  former  shoreline  are  seen 

i  of  marsh,  filled  lagoons,  or 


viov<tBiz.-Tyfed,iiaCH,f<,u Finland.  lowland  behind  the  old  beach. 
Since  this  leap  from  some  atill  earlier  position  of  the  shoreline,  the  for- 
ward growth  seems  to  have  been  gradual,  for  no  long  slashes  of  swamp 
are  shown.  From  map  inspection  this  delta  cannot  be  definitely  referred 
to  either  of  these  hypotheses  of  origin,  for  it  combines  features  of  holh 
the  first  and  the  second. 

This  type  is  the  Tiber  (Ital.,  149 ;  Carta  Geologica  della  Carapagna 
Romana,  Roma,  1888).  It  has  been  turned  from  the  usually  desirahle 
north  and  south  orientation  parallel  to  the  sides  of  the  page  in  order  to 
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have  all  the  figures  in  this  paper  stand  with  the  water  on  the  right  and 
the  land  on  the  left. 

OTHER  CUSPATE  DELTAS. 

A  delta  less  cuspate  than  the  Tiber  is  the  Tagliamento  (Austr.,  22, 
viii,  ix ;  23,  viii,  ix),  which  shows  very  prettily  three  stages  of  growth,  in- 
dicated by  lines  of  villages  on  higher  ground,  with  intervening  marsh  areas. 
The  Angitola  delta,  Italy  (Ital.,  241),  is  apparently  an  embryonic  stage 
of  the  method  of  formation  illustrated  in  figure  11.  It  extends  a  small 
cuspate  point  beyond  the  curve  of  the  bar  closing  the  bay,  as  if  the  stream 
crossing  the  bar  was  relatively  strong  enough  to  divide  the  alongshore 
current.  It  has  been  found  impossible  to  pick  out  from  the  other  exam- 
ples of  cuspate  deltas  given  below  any  which  were  later  stages  of  the 
Angitola  type.  The  maps  give  little  more  than  the  form  of  the  latest 
stage  of  development.  The  progressive  series  of  forms  should  be  studied 
on  the  ground  in  order  to  see  what  was  the  embryonic  condition.  This 
study  is  analogous  with  what  is  done  by  the  paleontologist  when  he  peels 
off  the  outer  shell  of  an  Ammonite  in  order  to  discover  its  embryonic  form. 
In  both  the  Biferno  (Ital.,  155)  and  the  Ofanto  rivers  (Ital.,  165)  the 
deflections  indicate  a  current  from  the  right  at  present,  though  formerly 
the  deflection  was  in  the  opposite  direction. 

In  the  two  following  examples  of  delta  forelands,  Voltumo  (Ital.,  171, 
172,  184)  and  Ombrone  (Ital.,  127, 128, 135),  the  streams  are  deflected  in 
both  directions,  thus  indicating  no  do)iiinant  current  alongshore. 

The  current  is  probabljf  from  the  lefl,  in  front  of  Alento  delta  (Ital., 
141)  and  from  the  right  at  Neto  delta  (Ital.,  238). 

In  the  Volstrap  at  Saeby  (Denm.,  Frederikshavn)  the  southward  de- 
flection of  the  mouth  indicates  a  prevailing  current  from  the  right. 

The  Danzig  mouth  of  the  Vistula  (Germ.,  70)  shows  deflection  to  the 
right. 

Kolberg  is  built  on  the  cuspate  delta  of  the  Persante  (Germ.,  93). 
The  evidence  along  this  coast  is  for  a  current  from  the  right. 

Punta  Arenas,  a  Chilean  settlement,  South  America,  is  built  on  a  fore- 
land made  by  combined  action  of  river  and  sea  (H.  O.,  450a).  Deflec- 
tion is  to  the  left. 

Many  of  the  discharge  sluices  emptying  into  the  Zuider  Zee  have  built 
cuspate  deltas,  and  though  aided  by  artificial  means  the  form  is  so  typi- 
cally cuspate  that  they  are  included  in  this  category  (HoU.,  15, 16,  21, 
26,  27,  32). 

Cusps  from  Island-tying. 

A  characteristic  feature  of  shore  development  of  a  drowned  region  dur- 
ing adolescence  is  the  tying  of  islands  to  each  other  and  the  mainland. 
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PiouRB  14  —  Tomboh  Cusps. 


Upon  the  coast  of  Italy  where  island-tying  in  its  various  stages  is  l>eauti- 
fully  shown  such  a  bar  is  called  a  tombolo.  For  convenience  in  distin- 
guishing island-tying  bars  from  those  of  other  kinds,  the  writer  proposes 
to  call  every  bar  of  this  kind  a  tombolo,  giving  an  English  plural  tombolos. 
In  the  early  stages  of  the  growth  of  a  tombolo  a  condition  occurs  similar 

to  what  is  shown  in  figure  14,  where 
two  cuspate  points  project  toward 
each  other,  the  one  from  the  island 
and  the  other  from  the  mainland. 
Either  cusp  may  occur  without  the 
other,  according  to  where  transpor- 
tation first  begins.  A  case  like  the 
figure  is  seen  on  Aebelo  island  in 
Grand  Belt  strait  (Denm.,Bogense). 
Here  the  cusp  points  toward  another  cusp  projecting  from  a  smaller 
island  between  Aebelo  and  the  mainland. 

Another  example  is  Spectacle  island,  in  Boston  harbor  (C.  S.,  337), 
where  the  **  nose-piece  "  of  the  spectacles  con- 
sists of  two  cusps  almost  joined. 

From  Tuno  island  (Denm.,Samso)  there  pro- 
jects toward  Samso  island  a  lanceolate  cusp 
whose  position  indicates  that  it  was  formed  by 
in  and  out  flowing  tides  or  by  two  currents  run- 
ning on  either  side  of  Tuno  island  toward  the 
larger  land  area. 

After  an  island  has  become  land-tied  by  one 
tombolo  or  by  two  inclosing  a  lagoon,  which  in 
time  is  converted  into  marsh,  it  continues  to  be 
consumed  by  the  sea  upon  its  outer  side.  There 
will  come  a  time  when  the  island  is  almost  or 
quite  gone  (figure  15)  and  the  tombolo  construc- 
tion will  remain  for  a  short  time  in  a  form  like  that  of  the  cuspate  forelands 
described  above.  The  northern  point  of  Block  island  (C.  S.,  356)  seems  to 
be  of  this  origin.  There  is  the  following  tradition  of  Sandy  point,  Block 
island :  "  On  the  extremity  of  the  point  was  anciently  a  peninsula  called 
the  Hummuck.  It  was  a»  elevation  of  land  on  which  small  trees  and 
bushes  grew,  and  at  low  tide  was  reached  on  foot.  The  old  inhabitants 
now  speak  of  having  gathered  wild  plums  there.  It  was  washed  away 
long  ago."* 

An  example  where  the  island  is  not  so  completely  eroded  but  in  which 
the  cuspate  form  is  less  typical  is  Colchester  point  in  lake  Champlain 
(G.  S.,  Plattsburg,  N.  Y.). 


PiGURB  i^— Island  Cusps, 


•8.  T.  LiTermore;  History  of  Rlook  Island,  1877,  p.  176. 
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Introduction. 


The  study  of  the  lacustrine  history  of  the  Genesee  valley  was  under- 
taken in  continuation  of  the  work  upon  the  glacial  lakes  in  western  New 
York  *  and  with  no  expectation  of  making  it  the  subject  of  a  separate 
paper.  The  history  is  found,  however,  to  be  of  remarkable  and  romantic 
character.  The  glacial  waters  alternately  flowed  to  the  gulf  of  Mexico 
and  to  the  Atlantic  ocean  direct.  Five  great  river  systems  received  the 
overflow  at  different  periods,  namely,  Ohio-Mississippi,  Susquehanna, 
Illinois-Mississippi,  Hudson,  and  Saint  Ijawrence. 


*  Glacial  Lakes  of  western  New  York :  U.  L.  Fairchild.    Bull   Oeol.  Soc.  Am.,  vol.  6, 1895,  pp 
359-374. 
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The  phenomena  are  complex  and  singularly  interesting,  and  the  de- 
termination of  the  several  water-levels,  involving  the  facts  concerning 
the  nature  and  sequence  of  the  geologic  events,  reveal  a  fine  problem  in 
glacial  geology  which  is  thought  to  have  been  solved  in  its  general 
features.    A  vast  body  of  interesting  details  remains  unstudied. 

The  work  upon  the  region  was  done  in  the  late  autumn  of  1894  and 
the  summer  of  1895.  The  data  relating  to  the  water-planes  were  col- 
lected without  reference  to  their  bearing,  and  with  only  indefinite  idea 
or  theory  as  to  the  corresponding  outlet*?.  The  latter,  indeed,  were  not 
wholly  known  and  the  correlation  of  the  planes  of  the  static  waters  with 
the  several  outlets  has  been  completed  since  leaving  the  field. 

The  largest  part  of  the  work  has  been  the  determination  of  altitudes.* 
With  no  topographic  map  of  the  region,  the  railroad  "  levels  "  have  been 
the  only  data  available.  While  these  may,  in  some  cases,  have  an  error 
of  perhaps  a  few  feet,  it  can  never  be  sufficient  to  compromise  the  con- 
clusions of  the  paper. 

The  present  Genesee  Valley. 
hydrography  and  topography. 

The  general  hydrographic  features  of  the  area  are  so  well  shown  by 
the  accompanying  map  t  (plate  19)  that  much  verbal  description  can  be 
omitted. 

Among  the  rivers  of  New  York  the  Genesee  is  remarkable  for  its  length, 
direction  of  flow  and  amount  of  fall.  From  its  sources  in  Potter  county, 
Pennsylvania,  to  its  mouth  at  lake  Ontario,  the  distance  in  a  right  line 
on  the  map  is  100  miles.  The  total  length  of  the  river  in  all  its  windings 
is  at  least  one-half  more. 

The  altitude  of  the  cols  in  which  the  east  and  middle  branches  of  tlie 
river  head  is  over  2,200  feet  above  tide,  while  the  enclosing  tableland  is 
one  or  two  Imndred  feet  higher;  so  the  fall  in  the  stream  from  its  origin 
to  lake  Ontario  (247  feet  above  tide)  is  about  2,000  feet.  The  inclination 
of  the  basin  at  the  time  of  the  ice-retreat  was  probably  a  few  hundred 

*The  writer  would  here  ezpresn  his  gratitude  to  the  many  persons  who  by  personal  assistance 
and  Tarious  court«>8ie8  have  aided  in  the  work.  Especial  thanks  are  due  to  the  following  gentle- 
men :  Profeiisor  J.  P.  Slocum,  Angelica;  Professor  A.  J.  Glennie,  Bolivar;  Mr  George  W.  Pierce, 
CaniHteo,  engineer  N.  T.  and  P.  railroad;  Mr  M.  S.  Blair,  Hornellsville,  superintendent  C.  N.  Y. 
and  W.  railroad  Mr  C.  R.  Neher,  Rochester,  division  engineer  W.  N.  Y.  and  P.  railroad;  Mr 
George  A.  Thompson,  Rochester,  and  Mr  H.  £.  Gilpin,  Hornellsville,  division  superintendents  of 
the  Erie  railroad. 

fThe  basis  of  this  naap  is  the  map  accompanying  the  report  of  Mr  John  Bogart,  state  engineer 
aod  surveyor,  on  the  Supply  of  Water  from  the  Genesee  River  to  the  Erie  Canal,  1890. 
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feet  more,  as  the  Ontario  basin  was  considerably  lower  than  it  is  at 
present. 

Proportionate  to  its  length  the  hydrographic  area  is  narrow,  being 
only  40  miles  wide  at  the  broadest  place,  on  the  parallel  of  Silver  lake. 
Toward  its  northern  terminus  the  valley  narrows  rapidly  until  for  some 
miles  from  the  lake  the  river  has  no  tributaries  of  consequence,  and  the 
valley  is  merely  the  recent  or  postglacial  ravine. 

The  total  area  drained  by  the  Genesee  is  estimated  by  Mr  Bogart  at 
2,445  square  miles. 

The  form  and  dimensions  of  the  valleys  of  both  the  river  and  its  tribu- 
taries indicate,  in  the  main,  a  mature  drainage  system.  The  old  valleys, 
where  not  drift-filled,  are  comparatively  open,  broad  and  with  gentle 
grade.  The  dendritic  form  of  the  drainage  in  the  middle  and  upper  sec- 
tions of  the  basin,  which  would  be  much  emphasized  by  indicating  on  the 
map  the  smaller  streams,  is  an  evidence  that  glaciation  has  not  there 
greatly  changed  the  ancient  drainage.  The  important  exceptions  in  the 
lower  part  of  the  basin  will  be  described  below. 

The  altitudes  of  the  area  are  sufficiently  indicated  upon  the  map.  The 
figures  given  in  connection  with  the  names  of  towns  and  villages  are  the 
height  of  the  rail  in  front  of  the  railroad  stations,  referred  to  ocean  level 

DRIFT  DEPOSITS. 

The  amount  of  glacial  drift  still  remaining  in  the  valleys  is  very  great, 
probably  surpassing  in  amount  any  similar  deposits  in  western  New 
York.  This  is  surprising  when  we  consider  the  erosive  power  of  the 
present  streams  and  the  vast  amount  of  drift  that  has  certainly  been 
removed.  In  some  localities  the  river  valley  is  sufficiently  open,  either 
by  original  absence  of  drift  or  by  subsequent  clearing,  to  permit  a  view 
of  its  original  form,  but  generally  huge  ridges  or  hills  of  drift  obstruct  the 
view.  In  at  least  one  instance  the  old  river  valley  was  so  completely 
closed  by  the  drift  that  the  river  has  been  diverted  into  a  new  channel, 
and  in  the  cases  of  side  valleys  and  tributary  streams  this  diversion  of 
drainage  has  been  more  frequent. 

In  most  sections  the  drift  has  been  partially  terraced  or  leveled  by  the 
successive  work  of  lakes  and  streams.  The  subsequent  erosive  atmos- 
pheric agencies  have,  however,  destroyed  the  water-planes  in  more  or  leas 
degree. 

The  composition  of  the  drift  deposits  has  not  been  determined  to  any 
important  extent.  Casual  observations  suggest  that  much  is  ground  mo- 
ral nal  or  till  accumulation,  but  that  probably  the  greater  mass  is  water- 
laid  drift. 


POSTGLACIAL   CHANNELS   OF  THE   GENESEE.  427 

The  origin  of  the  drift  material  has  not  been  carefully  studied.  The 
great  bulk  in  any  section  seems  to  have  been  derived  from  the  terranes 
contiguous  on  the  north,  but  some  percentage  is  far-traveled  material,  as 
Medina,  or  even  hypogene  waste  from  the  crystalline  terranes,  north  and 
northeast 

The  ANCIENT  Genesee  Valley. 

POSTGLACIAL  CHANNELS  OF  THE  OENRSEE, 

Throughout  the  greater  part  of  its  course  the  river  flows  in  its  old 
valley.  It  may  be  said  in  general  that  the  ancient  valley  is  the  present 
valley  from  the  source  to  Portageville.  Some  unimportant  divergences 
of  the  river  from  its  pr^lacial  bed  probably  occur  above  Portageville. 
The  few,  but  very  important,  diversions  below  Portageville  are  found 
where  the  river  has  been  compelled  by  drift  dams  to  abandon  its  former 
valley  and  to  cut  new  rock  channels.  To  trace  the  old  buried  valleys 
will  require  a  brief  description  of  the  new  rock  channels. 

The  postglacial  channels  of  the  river  are  really  only  two — one  from 
Portageville  to  Mount  Morris,  and  the  other  from  Rochester  to  lake 
Ontario.  In  both  cases  these  have  produced  fine  canyons  and  noted 
cataracts. 

At  Portageville  an  impregnable  barrier  of  drift  was  left  by  the  glacier, 
blocking  the  whole  valley,  which  here  was  probably  two  miles  wide. 
The  local  morainal  lake  thus  formed  by  the  drift  dam  found  its  outlet 
over  the  western  rock-wall  of  the  ancient  valley,  and  the  downcutting 
through  the  Portage  shales  has  resulted  in  the  famous  Portage  ravine  and 
foils. 

Between  the  Portage  ravine  and  the  rock-cutting  at  Mount  Morris  the 
river,  while  in  a  channel  new  to  itself,  does  not  occupy  a  postglacial  exca- 
vation, but  the  narrow  preglacial  valley  of  some  tributary  of  the  ancient 
riven  In  cur^ang  from  one  side  to  the  other  of  this  narrow  valley  the 
river  has  undercut  the  rock-wall  in  several  places,  producing  vertical  ex- 
posures of  the  strata.  Near  Mount  Morris  this  valley  also  was  closed  by 
morainic  drift  and  another  local  morainal  lake  was  formed  in  the  river, 
which  we  will  call  Saint  Helena  lake,  lower  and  smaller  than  the  Portage- 
ville morainal  lake.  The  outlet  was  cut  down  through  the  Hamilton 
shales,  producing  the  ravine  known  as  the  "  high  banks."  By  erecting 
an  artificial  dam  in  the  narrow  channel  above  Mount  Morris  it  is  pro- 
posed to  impound  the  Genesee  water  in  this  valley,  thus  partially  restor- 
ing the  Saint  Helena  lake,  and  so  create  a  storage  reservoir  for  equilizing 
and  controlling  the  flow  of  the  lower  river. 

At  Rochester  the  river  has  again  departed  from  its  old  channel  and 
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has  excavated  a  canyon  in  the  Niagara  formation,  with  three  cataracts, 
rivaling  the  similar  phenomena  at  Portage. 

POSTGLACIAL  CHANNELS  OF  TRIBUTARY  STREAMS. 

The  larger  streams  tributary  to  the  Genesee  river  generally  lie  in  their 
ancient  valleys.  This  statement  needs  qualification  chiefly  as  relates  to 
the  lower  or  northern  part  of  the  drainage  area,  where  the  topographical 
relief  is  small  and  chiefly  drumloidal.  The  middle  and  upper  sections 
of  the  basin  lie  near  the  extreme  limit  of  the  ice  invasion.  The  ice  ero- 
sion was  here  consequently  of  less  duration  and  less  effective  than  farther 
northward,  and  the  grosser  topographic  features  were  not  materially 
changed.  The  saliencies  were  somewhat  pared  down,  or  the  surface  par- 
tially smoothed,  with  considerable  filling  of  drift  in  the  valleys.  The 
heavier  dams  of  drift,  interfering  with  the  resumption  of  the  stream 
drainage,  were  usually  formed  in  the  lateral  valleys  at  their  junction  with 
the  main  or  river  valley.  As  a  consequence  of  this  closing  of  the  mouths 
of  the  side  valleys,  lateral  local  lakes  were  produced,  and  the  outlet  or 
waste-weir  was  frequently  over  the  rock-wall  of  the  old  valley  slope,  the 
morainic  filling  being  usually  higher  in  the  middle  of  the  valley.  The 
final  result  has  been  the  making  of  postglacial  rock-ravines  near  the 
embouchure  of  several  streams  tributary  to  the  river  in  the  same  manner 
as  the  formation  of  the  head  of  the  Portage  canyon. 

One  of  the  largest  of  these  rock-cuts  in  lateral  valleys  is  near  the  mouth 
of  Caneadea  creek,  upon  the  west  side  of  the  river.  An  immense  moraine 
and  kame  deposit  blocks  the  side  valley,  and  the  consequent  local  mo- 
rainal  lake  was  drained  by  the  outlet  cutting  down  through  rock  upon 
the  south  side  of  the  dam. 

A  very  typical  and  interesting  example  of  postglacial  rock-cutting  is 
seen  at  Angelica.  The  short  rock-ravine,  over  100  feet  deep,  in  the  course 
of  Angelica  creek  has  been  formed  upon  the  northwest  side  of  the  ancient 
valley.  This  moraine  dam,  which  was  a  distinct  ridge  across  the  valley, 
consisted  of  unenduring  material,  and  has  been  so  far  removeil,  appar- 
ently by  atmospheric  agencies,  that  now  it  is  not  nearly  so  high  as  the 
top  of  the  rock-cut. 

Other  postglacial  rock-cuts  in  the  course  of  direct  tributaries  of  the 
river  occur  in  the  channels  of  Silver  lake  outlet,  Wolf  creek,  Canaserajra 
creek,  Wiscoy  creek,  Cold  creek,  Black  creek,  White  creek,  Van  Campens 
creek,  Phillips  creek,  Vandemark  creek,  Knight  creek,  Chenunda  creek, 
and  probably  many  others ;  also  in  the  west  and  middle  branches  of  the 
river. 

In  the  indirect  or  secondary  tributaries  of  the  river  rock-cuts  are  doubt- 
less numerous,  not  counting  those  of  stream  channels  which  are  wholly 


BURIED   CHANNELS   OF   THE  GENESEE.  429 

jjostglacial.  One  of  the  largest  is  the  channel  of  Kishawa  creek,  some 
six  miles  south  of  Mount  Morris,  between  the  stations  Sonyea  and  Tus- 
carora  on  the  Western  New  York  and  Pennsylvania  railroad.  A  small 
but  interesting  example  may  be  seen  near  Swains  station  on  the  Erie 
railroad  in  the  channel  of  a  small  stream  entering  the  upper  Canaseraga 
at  that  place;  also  in  the  Canaseraga  near  Dansville.  In  the  majority 
of  cases  observed  these  rock-cuttings  occur  upon  the  north  or  west  sides 
of  the  preglacial  valleys. 
The  local  morainal  lakes  will  be  described  later  in  this  paper. 

BURIED  CHANNELS  OF  THE  GENESEE. 

The  two  old  channels  of  greatest  interest  and  of  uncertain  location  are 
those  of  the  ancient  river,  one  below  Portageville  and  one  past  Rochester. 
In  any  attempt  to  locate  the  ancient  waterways  it  must  be  recognized 
that  they  were  broad,  open  valleys,  comparable  to  the  known  adjacent 
sections  of  the  valley.  The  buried  Genesee  valley  below  Portageville 
must  be  one  to  two  miles  wide.  The  writer  is  confident  that  the  preglacial 
course  of  the  river  lay  through  what  is  now  Kishawa  Creek  valley,  in 
which  lies  Nunda  village.  This  was  suggested  by  Dr  James  Hall*  as 
long  ago  as  1840,  and  will  probably  stand  as  against  all  other  suggestions. 
The  facts  sustaining  this  opinion  are  out  of  place  in  this  paper. 

IjCSs  confidence  is  felt  concerning  the  former  course  past  Rochester. 
It  seems  most  probable  that  below  Avon  the  old  valley  turned  eastward 
and  connected  with  the  depression  of  Irondequoit  bay. 

Sequence  of  Events  in  the  geological  History  op  the  Genesee 

Vallev. 

intbod  uctob  y  sta  tement. 

For  the  full  appreciation  of  the  lacustrine  phenomena  in  the  Genesee 
valley  it  is  desirable  to  have  in  mind  the  sequence  of  events  in  its  geo- 
logical history.  Theoretically  the  following  steps  in  the  history  may  be 
predicated : 

ERA  OF  PREGLACIAL  SUB  AERIAL  EROSION. 

This  was  by  far  the  longest  stage  in  the  whole  history.  From  the  time 
when  the  region  was  first  lifted  out  of  its  marine  condition  of  submerg- 
ence and  sedimentation,  probably  during  the  later  Devonian  or  the  Sub- 
carboniferous,  down  through  the  millions  of  years  to  the  Glacial  period, 
this  stage  endured  continuously.     During  this  time  the  superficial  rocks 

*Foarth  Annual  Report  on  the  Sarvey  of  the  Fourth  QeoioKical  Dhtrict:  James  Hall.    New 
York  AMembly  Documente,  No.  50, 1840,  pp.  431. 
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were  decomposed  and  the  region  was  deeply  scored  and  eroded  bj  atmos- 
pheric forces  and  stream  action.  The  main  features  of  the  present  topog- 
raphy were  impressed  upon  it  during  later  geologic  time,  possibly  since 
the  Cretaceous. 

BPISODE  OF  LAKES  BY  ICS- AD  VANCE. 

With  the  invasion  of  the  ice-sheet  of  the  Glacial  period  the  northward 
drainage  was  blocked  and  the  waters  were  ponded  in  the  main  and  tribu- 
tary valleys  and  compelled  to  overflow  southward.  The  levels  of  these 
static  waters  were  successiveli/  higher  as  the  ice  closed  the  outlets  from  the 
lower  toward  the  higher  elevations  of  the  region.  The  deposits  in  the 
glacial  lakes  may  have  been  considerable,  derived  from  the  ice-drainage 
as  well  as  from  the  land.  The  subsequent  abrasion  by  the  heavy  ice-sheel 
would  largely  remove  or  modify  these  early  lake  deposits,  yet  traces  of 
them  may  probably  be  recognized,  although  little  may  ever  be  known 
of  the  character  of  these  lakes. 

EPISODE  OF  QLACIATION. 

The  ice-inviision  resulted  in  largely  removing  the  disintegrated  rocks, 
and  may  have  cut  the  solid  rock  upon  the  saliencies,  especially  on  the 
stoss  sides  of  the  hills.  However,  the  erosion  of  rock  strata  was  probably 
not  great  in  the  Genesee  valley,  the  work  of  the  ice  being  chiefly  a  smooth- 
ing of  the  eminences  and  an  accentuation  of.the  north  and  south  forms 
and  a  filling  of  sections  of  the  valley  with  heavy  deposits  of  wreckaj^e 
derived  from  regions  lying  northward. 

EPISODE  OF  LAKES  BY  ICE-RETREAT. 

The  northward  retreat  of  the  ice- wall  resulted  in  a  second  series  of 
glacial  lakes  at  successively  lower  levels,  which  are  the  special  subject  of 
this  paper  and  will  be  described  below. 

EPISODE  OF  MORAINAL  LAKES. 

Subsequent  to  the  retreat  of  the  ice  and  the  draining  or  lowering  of  the 
glacial  lakes  by  removal  of  the  ice-dam  numerous  morainal  lakes  were 
left  in  the  main  and  tributary  valleys,  held  up  by  the  barriers  of  drift. 
All  these  moraine-dammed  waters  have  been  drained,  many  outlets  cut- 
ting through  rock  upon  the  slopes  of  the  ancient  valleys  (see  page  427). 
The  lacustrine  phenomena  of  these  morainic  lakes  are  left  commingleil 
with  the  phenomena  of  the  ice-dammed  lakes  and  the  subsequent  streams. 

ERA  OF  POSTGLACIAL  SUB  AERIAL  EROSION. 

In  every  section  of  all  the  valleys  the  latest  aqueous  action  is  the  work 
of  streams.    The  river  and  all  its  tributaries  found  their  valleys  more  or 
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less  filled  with  drift  of  several  kinds — moraine  drift,  kame  drift  and  lake 
sediments — and  at  once  proceeded  to  open  their  channels.  The  reexca- 
vation  of  the  valleys  has  been  wholly,  and  the  leveling  of  the  drift  partly, 
the  work  of  the  present  streams.  A  renewal  of  the  conditions  of  atmos- 
pheric destruction  in  all  its  phases  over  all  the  area  marks  the  last  and 
present  stage. 

It  will  be  noted  as  an  important  fact  that  there  is  a  commingling,  espe- 
cially in  the  lower  parts  of  the  valleys,  of  the  deposits  formed  during  the 
last  three  stages  of  the  history.  The  terraces  of  the  glacial  and  of  the 
morainal  lakes  and  the  detrital  plains  of  the  streams  are  intermingled 
and  confused.    Sometimes  it  may  not  be  possible  to  distinguish  them. 

PHENOMElfA  OP  THE   GLACIAL   LaKES. 
EVIDENCES  OF  WATER-PLANES. 

The  phenomena  proving  the  former  existence  of  static  water  at  high 
levels  in  the  Genesee  valley  are  superabundant.  To  the  observant  eye 
terraces  and  plateaus  are  scarcely  ever  entirely  out  of  view.  The  phe- 
nomena are  of  the  various  kinds  characteristic  of  water  margins,  with  the 
addition  of  those  peculiar  to  ice-dammed  waters.  They  may  be  divided 
into  three  classes : 

(a).  Those  marking  the  true  level  of  the  water,  as  beaches,  lake-cliffs 
and  strictly  shoreline  features.  For  several  reasons  these  features  will  be 
weak.  The  waters  were  not  very  long  stationary  at  any  particular  plane, 
as  they  varied  with  the  season  and  the  down-cutting  of  the  outlets,  and 
the  expanse  of  water  was  not  sufficient  to  permit  of  strong  wave  action. 
The  beach  phenomena  would  give  the  most  accurate  data  for  altitudes 
of  the  water  surface,  but  they  have  not  been  observed. 

(6).  Plateaus  of  superior  level.  Such  are  the  deltas,  of  two  kinds :  (1) 
I^nd-stream  deltas,  which  will  be  recognized  by  their  resting  against  the 
valley  walls  and  their  relation  to  existing  streams,  which  will  have  bi- 
sected them ;  (2)  Glacial-stream  deltas  occur  in  the  valley,  removed  from 
the  shore  or  isolated.  By  the  removal  of  the  ice-wall  against  which  they 
were  headed  the  glacial  streams  which  produced  them  were  withdrawn 
and  such  deltas  are  not  bisected.  They  will  usually  be  confused  with 
kame  drift,  to  which,  indeed,  they  are  related.  Even  standing  alone,  as 
butte-like  plateaus,  they  resemble  in  their  general  form  truncated  or  lev- 
eled kames,  which  are  of  inferior  levels.  The  allowance  to  be  made  for 
the  height  of  a  true  delta  above  the  lake  surface  is  a  variable  element. 

(c).  Plateaus  and  terraces  of  inferior  level.  Here  are  included  the 
greater  proportion  of  phenomena,  as  shoreline  benchings,  terraces  of  con- 

LI— Bull.  Gbol.  Soo.  Am^  Vol.  7i  1895. 
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struction  (wave-built),  terraces  of  erosion  (wave-cut)  and  truncated  hills 
of  moraine  or  kaine  drift.  The  allowance  to  be  made  for  the  higher  alti- 
tude of  the  water  surface  is  here  assumied  in  general  at  from  10  to  2i) 
feet,  or  less  for  coarse  materials. 

In  the  very  rapid  and  cursory  examination  of  this  large  region  it  has 
been  impossible  to  discriminate  as  to  the  exact  nature  of  the  plateaus 
and  terraces  measured  for  determination  of  Vater-levels.  The  one  essen- 
tial fact  was  the  certainty  of  their  being  phenomena  of  water-planes.  For 
the  purpose  of  correlation  with  the  several  lake  outlets  only  the  highest 
terraces  of  each  section  are  relied  upon,  which  are  far  above  any  possible 
stream  action  or  even  the  level  of  morainal  lakes,  and  too  far  reaching 
to  be  the  result  of  mere  lakelets  upon  the  side  of  a  glacier  lobe. 

As  each  stage  of  these  glacial  waters  covered  only  a  limited  section 
north  and  north,  and  had  its  own  independent  levels  and,  geologically 
speaking,  was  of  brief  duration,  the  distortion  of  water-planes  due  to  dif- 
ferential northward  uplift  is  probably  of  small  amount. 

DRAINAGE  OUTLETS. 

Upon  the  map  (plate  19)  the  important  channels  across  the  divides  are 
indicated  by  lines  and  the  altitude  above  tide  by  figures,  placed  trans- 
verse to  the  line  of  water-parting.  Those  at  the  three  cols  in  which  the 
river  heads  were  doubtless  contemporary  outlets  of  the  primary  lakes. 
One  of  these,  between  Rose  lake  and  Oswayo,  is  believed  to  have  sub- 
sequently taken  the  water  from  the  other  two.  The  channel  northwest 
of  Genesee  village  is  cut  down  to  the  grade  of  the  valley.  This,  like  the 
preceding  Oswayo  outlet  and  the  subsequent  Cuba  outlet,  carrieil  the 
Genesee  waters  to  the  Allegany  river  and  the  Mississippi.  The  third 
great  outlet  with  two  subordinate  phases  was  upon  the  eastern  divide 
above  Hornellsville,  leading  to  the  Susquehanna  waters.  The  next  outlet 
was  over  the  western  divide  into  the  great  lake  Warren.  These  outlets 
will  be  briefly  described  below  in  connection  with  their  respective  lakes. 

THEORETICAL  STATEMENT, 

A  general  theoretical  statement  of  the  succession  of  glacial  lakes  will 
clear  the  way  for  the  detailed  description  of  those  lakes.  We  have  a 
comparatively  narrow  valley,  with  numerous  side  tributaries,  sloping 
northward  or  toward  the  retreating  ice-front.  By  the  northward  shifting 
of  the  ice-dam,  the  impounded  waters  fell  from  time  to  time  to  the  level 
of  each  successively  lower  outlet  over  the  divide.  In  any  section  of  the 
valley  the  highest  water-plane  should  correapond  to  the  lowest  outlet 
uncovered.     In  want  of  knowledge  it  is  assumed  that  the  ice-front  was 
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in  general  an  east-and-west  line.    As  a  matter  of  fact,  the  highest  water- 
l>lanes  dp  so  correlate  with  the  theoretical  outlets. 

Description  op  the  glacial  Lakes. 

first  stage:  three  primary  lakes. 

Outlets. — Their  outlets  were  by  the  headwaters  cols. 
A  glance  at  the  map  will  show  that  the  Genesee  river  originates  in 
Potter  county,  Pennsylvania,  in  three  eubequal,  northward -flowing 
streams,  known  as  the  east,  middle  and  west  branches,  which  unite  near 
the  village  of  Genesee  (formerly  called  Genesee  Forks).  These  streams 
lie  in  comparatively  deep  valleys,  carved  out  of  the  high  tableland,  the 
intervening  ridges  being  higher  than  the  headwater  cols.  The  writer 
has  not  visited  the  sources  of  these  three  streams,  and  his  information 
concerning  the  divides  is  obtained  from  other  persons,  and  particularly 
from  Professor  N.  S.  Shaler,  who  has  kindly  loaned  some  unpublished 
notes  of  a  visit  made  a  few  years  since  to  those  headwaters. 

The  streams  are  described  as  heading  in  swamp  cols,  but  with  no  con- 
spicuous or  strong  channels  or  scourways  leading  southward  from  the 
divides. 

Life  history, — As  the  high  land  about  the  sources  of  these  streams  was 
uncovered  by  the  ice  the  glacial  waters  were  at  first  ponded  in  many 
lakelets  and  escaped  by  numerous  outlets.  Later,  by  a  further  retreat 
of  the  ice,  these  lakelets  were  drained  or  blended,  until,  theoretically, 
there  was  an  episode  during  which  a  lake  existed  in  the  valley  of  each 
of  the  three  branches  of  the  Genesee.  These  were  not  very  important  in 
any  respect,  but,  to  make  a  complete  history,  must  be  considered.  The 
lake  phenomena  and  outlet  channels  should,  theoretically,  not  be  well 
developed  for  the  following  reasons : 

(1)  The  life  of  these  separate  lakes  was  very  short,  as  a  few  miles 
further  retreat  of  the  ice-front  inaugurated  the  next  stage  of  the  glacial 
waters.  (2)  The  surface  of  the  lakes  was  probably  very  fluctuating.  (3) 
Each  valley  caught  the  drainage  of  only  a  very  limited  portion  of  the 
ice-front.  If  the  ice-front  was  generally  east  and  west,  then  the  drainage 
both  east  and  west  of  the  narrow  Genesee  basin  drained  directly  in  south- 
flowing  streams  (see  map) ;  but  if  the  basin  was  occupied  by  an  ice-lobe, 
the  waters  from  the  sides  of  the  lobe  further  north  found  lower  outlets. 
(4)  The  ice-front  was  perhaps  comparatively  thin  and  supplied  for  the 
area  a  small  amount  of  water.  The  district  is  close  to  the  limit  of  the 
glaciated  area ;  indeed,  the  west  and  middle  branches  of  the  Genesee 
have  their  sources  in  the  great  terminal  moraine.* 

*  Second  Oeol.  Survey  of  Penaa.    Report  Z.  Termiaal   Moraine,  pp.  141-143  and  moraine  plate  vi. 
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The  waters  of  the  east-branch  lake,  by  the  Ulysses-Brookland  col, 
flowed  to  the  Susquehanna  ri-ver;  those  of  the  other  two  lakes,  reached 
the  Allegany  river. 

With  the  further  recession  of  the  ice-front  it  is  possible  that  for  a  brief 
period  the  eastern  lake  found  a  lower  outlet  and  that  the  two  eastern 
lakes  blendeil  into  one.  It  is  doubtful  if  the  outlet  by  Bingham,  toward 
Harrison  valley,  the  lowest  of  the  east-side  cols,  was  opened  before  the 
junction  of  the  valley  was  uncovered,  thus  allowing  all  the  waters  to 
flow  west  by  the  Oswayo  outlet.  In  any  case,  this  phase  was  so  brief 
that,  with  thofpresent  uncertainty,  no  further  note  of  it  is  taken. 

SBCOND  STAGE:  PENNSYLVANIA  LAKE. 

Outlet. — The  outlet  was  by  Rose  lake  col  to  Oswayo  creek  and  Alle- 
gany river. 

As  soon  as  the  ice  had  uncovered  the  high  land  between  the  creeks 
south  of  Genesee  village,  the  three  primary  lakes  blended  into  a  single 
sheet  of  water  having  the  level  of  the  lowest  outlet.  This  was  undoubt- 
edly the  outlet  of  the  west-branch  lake,  by  Rose  lake  to  the  Oswayo  creek, 
which  is  about  200  feet  lower  than  the  more  southern  outlets  and  at  least 
100  feet  lower  than  the  Bingham  outlet.  From  the  scanty  information 
attainable,  tnis  is  believed  to  be  the  most  capacious  of  the  headwater 
outlets. 

Life  history, — This  lake  could  not  have  existed  long,  as  the  northward 
shifting  of  the  ice-front  only  a  few  miles  opened  a  much  lower  pass  and 
inaugurated  a  more  important  stage  of  the  glacial  waters. 

THIRD  STAOE:  WELL8VILLE  LAKE. 

OatleL—l!\\Q  outlet  was  by  "  Stone  Dam  "  col  to  Honeoye  creek,  Oswayo 
creek  and  Allegany  river. 

From  the  parallel  of  the  Genesee  forks  north  to  the  parallel  of  the 
Stone  Dam  col  is  about  three  miles.  With  the  opening  of  the  latter 
channel  the  waters  fell  400  feet,  and  this  level,  with  some  down-cutting  of 
the  outlet,  endured  for  a  long  period. 

This  ancient  outlet  channel  is  at  the  head  of  a  short  branch  of  Marsh 
creek,  about  four  miles  from  Mapes  station,  on  the  Buffalo  and  Susque- 
hanna railroad.  The  locality  is  named  after  an  abandoned  milldam  of 
stone  in  the  vicinity.  The  channel  is  a  remarkable  rock-gorge,  cut  down 
in  purplish  shales  to  almost  the  grade  of  the  Genesee  valley.  Riding 
from  Mapes  station  to  the  water-parting  the  rise  is  almost  imperceptible, 
but  Mr  Pierce  says  there  is  a  difference  in  altitude  of  45  feet.  The  divide 
is  a  swamp,  filling  the  bottom  of  the  narrow  valley  and  extending  over 
gne  mile.    E«i3tward  to  the  Genesee  and  westward  by  the  Honeoye  creek 
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to  the  Oswayo  creek  at  Shinglehouse  the  waters  are  sluggish.  The  swamp 
and  the  slopes  of  the  gorge  are  occupied  with  primeval  forest,  and  the 
dimensions  could  only  be  estimated  roughly.  The  width  of  the  rock- 
gorge  at  bottom  was  judged  to  be  about  1,000  feet.  The  weathering  of 
the  steep  walls  of  soft  shales  has  produced  talus  slopes  and  detrital  cones 
which  bury  the  edges  of  the  old  channel  and  over  which  the  wagon-road 
climbs  in  order  to  avoid  the  swamp.  The  middle  of  the  channel  is  buried 
under  vegetal  accumulation,  the  swamp  being,  it  was  estimated,  40  to  60 
rods  wide.  The  rock-walls,  which  are  steeper  than  any  preglacial  valley 
slopes,  are  perhaps  over  1,000  feet  high.  Apparently  this  .was  a  pregla- 
cial col  which  has  been  deepened  and  widened  by  the  glacial  waters. 
The  amount  of  down-cutting  by  the  glacial  stream  is  suggested  by  the 
height  of  a  delta  at  the  mouth  of  the  Stone  Dam  gully  near  the  east  end 
of  the  gorge,  which  was  estimated  to  be  70  or  80  feet  higher  than  the 
divide,  indicating  a  lowering  of  the  channel  of  not  less  than  60  or  70  feet. 
Very  likely  it  was  greater.  The  present  altitude  of  the  col  is  given  by 
Mr  Pierce  as  1,600  feet. 

Water-levels. — In  the  upper  part  of  the  Genesee  valley,  from  the  forks 
of  the  river  to  below  Wellsville,  are  numerous  conspicuous  phenomena 
of  static  water  which  correlate  with  the  Stone  Dam  outlet.  Many  of  these 
terraces  were  observed,  and  some  of  them  measured,  before  the  outlet 
was  discovered.  At  that  time  they  were  puzzling,  as  it  was  not  known 
that  there  was  any  pass  through  the  divide  so  near  down  to  the  grade  of 
the  valley. 

It  is  probable  that  delta  deposits  and  wave-cut  terraces  will  be  found 
in  the  valleys  of  the  headwaters  at  an  altitude  near  1,700  feet  or  higher, 
but  an  examination  has  not  been  made.  At  Genesee  village  there  are 
several  good  plateaus  of  water-worn  material.  Taking  the  station  of  the 
Buffalo  and  Susquehanna  railroad  as  datum  at  1,624,  the  cemetery  ter- 
race, south  of  the  village,  is  1,734  (aneroid).  Nearly  corresponding  ter- 
races are  seen  upon  the  west  and  northwest  and  shoreline  benchings  upon 
the  east.  Northeast  of  the  village,  one-half  mile  up  Cryder  creek,  are 
gravel  plateaus  at  1,690  (aneroid).  Levels  of  the  same  erosion  plane  are 
seen  at  Shongo  station,  north  of  Genesee.  Near  Graves  crossing  is  a  flat- 
topped,  butte-like  plateau,  1,670  (aneroid),  with  a  similar  level  at  the 
mouth  of  a  west-side  creek.  Fine  terraces  are  seen  in  the  northward  dis- 
tance at  corresponding  height.  A  terrace  near  the  east  end  of  the  channel 
was  estimated  at  1,680.  At  Stannards  Corners,  toward  Wellsville,  are 
conspicuous  plateaus  and  terraces,  unmeasured,  but  certainly  of  a  plane 
similar  to  those  mentioned  above.  Within  two  or  three  miles  of  Wells- 
ville are  pronounced  levels,  estimated  at  somewhere  between  1,620  and 
1,650. 
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Five  miles  east  of  Wellsville,  on  Dykes  creek,  a  small  delta  at  the 
mouth  of  an  east-side  creek  was  determined  by  close  estimate  at  1,610. 

The  upper  terraces  seen  further  down  the  river  at  Scio,  Belmont  anil 
Belvidere  are  evidently  of  the  Stone  Dam  plane,  but  they  have  not  bwn 
measured.  The  valley  here  is  lower  in  altitude  and  the  strongest  levels 
were  produced  by  the  waters  of  the  next  stage.  In  the  valley  of  Van 
Campens  creek,  around  Friendship  village,  there  are  conspicuous  pla- 
teaus, roughly  estimated  at  about  1,625  to  1,645  feet.  These,  however, 
are  not  the  summit  levels,  as  this  valley  was  the  basin  of  an  independent 
local  glacial  lake  (see  page  447),  and  are  consequently  not  conclusive. 

It  should  be  noted  that  in  general  the  terraces  become  lower  as  we  go 
northward.  Theoretically,  this  is  to  be  expected,  as  northwardly  the  ter- 
races are  successively  later  in  time  and  the  outlet  was  constantly  lowering. 

This  lake,  named  the  "  Wellsville  "  lake,  after  the  chief  village  within 
its  limits,  existed  for  a  long  period  and  its  work  of  shore  erosion  and 
planation  is  very  evident.  It  came  to  an  end  through  the  capture  of  it*; 
waters  by  a  lower  outlet  than  the  Stone  Dam  channel.  The  lower  outlet 
was  opened  when  the  ice-dam  uncovered  the  point  of  high  ground  in  the 
town  of  Belfast  on  the  western  side  of  the  valley,  between  the  river  and 
Black  creek. 

FOURTH  STAGE:  BELFAST-FILLMORB  LAKE. 

OuMeL — The  old  outlet  by  Cuba  is  another  fine  example  of  an  aban- 
doned river  channel,  but  of  a  very  different  type  from  the  Stone  Daiu 
channel.  The  latter  was  a  narrow  rock-gorge.  The  Cuba  channel  is  in 
a  broad,  open,  north-and-south  valley.  The  divide  north  of  Cuba  is  a 
smooth  plain,  about  one-half  mile  wide  and  continuous  with  the  valley 
bottom  northward.  Its  present  altitude  is  1,496  feet.  The  old  Genesee 
valley  canal  traversed  this  pass,  as  does  the  successor  of  the  canal,  the 
Western  New  York  and  Pennsylvania  railroad.  For  a  stretch  of  several 
miles,  from  Black  Creek  station  to  below  Cuba,  the  railroad  retains  the 
1,496-foot  level.  The  Erie  railroad  enters  this  channel  from  the  eastward 
at  Cuba  village  upon  a  terrace,  which  is  apparently  an  old  flood-plain,  40 
feet  above  the  present  channel.  Further  south  the  walls  of  the  valley 
seem  to  be  rock,  about  one-third  mile  apart.  All  the  way  to  Olean  the 
valley  retains  a  fairly  uniform  width  of  about  one-third  to  one-half  mile. 
Fragments  of  high,  bordering  plains  and  deltas  at  mouths  of  side  streams 
are  seen  at  a  height  of  20  to  30  feet  above  the  present  floor  of  the  \^lley. 
The  fall  from  Cuba  to  Olean  is  only  64  feet  in  14  miles.  Northward  from 
Black  Creek  station  to  Rockville  the  fall  is  75  feet  in  four  miles,  and  to 
Belfast,  three  miles  farther,  109  feet  additional. 

The  col  may  have  been  partially  filled  with  drift.     The  amount  of 
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dowji-ciitting  or  removal  of  the  damming  drift  is  difficult  to  estimate. 
Tlie  waters  seem  to  have  leveled  the  drift  without  cutting  to  rock,  the 
channel  being  spacious  and  near  to  grade. 

Water-leveU. — This  stage  of  the  Genesee  waters  covered  a  longer  stretch 
of  the  valley  than  any  other  and  probably  endured  for  a  longer  time 
than  any  other  of  the  lakes  previous  to  the  Warren  stage.  From  Belfast 
to  Portageville  the  summit  planes  belong  to  this  stage.  The  waters,  how- 
ever, buried  the  upper  valley  some  distance  above  (south  of)  Wellsville, 
but  from  the  southern  limit  of  the  waters  to  a  point  above  Belfast  these 
planes  are  overtopped  by  those  of  the  previous  Wellsville  lake.  They 
are,  however,  generally  so  much  stronger  than  the  earlier  Wellsville  ter- 
races that  they  can  probably  be  recognized.  In  this  basin  we  have  for 
data  the  reliable  altitudes  of  the  Western  New  York  and  Pennsylvania 
railroad,  based  upon  the  canal  levels.  This  is  the  main  section  of  the 
old  river  valley.  It  is  in  places  two  or  three  miles  wide,  but  the  ancient 
borders  are  often  obscured  by  the  heavy  deposits  of  drift,  which  also  fre- 
quently form  massive  hills  in  the  midst  of  the  valley,  morainic,  kame- 
like  and  esker-like.  These  drift  hills  have  not  usually  retained  strong 
terracing  by  the  static  waters,  perhaps  on  account  of  their  unenduring 
character  and  the  great  destruction  they  have  been  subjected  to  in  the 
middle  of  the  valley.  The  higher  leveling  and  shore  benching  cannot 
be  seen  well  from  the  middle  of  the  valley  or  from  the  railroad,  but  only 
from  more  commanding  situations.  The  lower  valley  is  very  rich  in 
stream  plains  and  lower  terraces. 

Although  the  high  water-planes  have  been  seen  at  many  points  in  this 

section  of  the  valley,  only  a  few  have  been  measured  or  closely  estimated, 

but  a  number  sufficient  to  serve  as  examples. 

« 

Below  Cuba  village  the  bordering  plain  is  40  feet  over  the  channel,  or 
1,536  feet.  The  Erie  station  is  upon  this  terrace,  which  is  perhaps  two 
miles  south  of  the  present  water-parting  and  may  indicate  some  down- 
cutting  and  backward  erosion  by  the  outlet  stream.  Terraces  correspond- 
ing in  altitude  to  this  are  seen  northward  by  the  Cuba  reservoir,  at  Black 
creek,  and  indeed  almost  continually  as  far  north  as  Rockville.  How- 
ever, these  terraces  are  all  in  the  Black  Creek  valley,  which  was  the  basin 
of  a  local  lake  (see  page  448),  and  it  might  properly  be  claimed  that  they 
do  not  prove  the  level  of  a  larger  lake  in  the  river  valley.  The  phenomena 
are,  however,  far  greater  and  more  imposing  than  those  produced  by  a 
local  lake.  Corresponding  summit  terraces  are  found  all  the  way  to 
Portageville,  and  leave  no  room  for  doubt  of  the  larger  lake  and  outlet. 

At  Belfast  and  Oramel  the  terraces  are  conspicuous,  but  the  altitudes 
have  not  been  even  estimated.  Upon  the  east  side  of  the  valley  north  of 
Belmont  two  lines  of  water  erosion  show  clearly,  seen  from  the  wagon- 
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road  near  Belvidere.  The  higher  was  estimated  as  in  the  neighborhood 
of  150  feet  above  the  river  plain,  or  about  1,520  feet ;  it  is  probably  higher 
rather  than  lower,  as  such  estimates  of  distant  points  usually  fall  under 
the  truth. 

At  Caneadea  there  are  several  distinct  high  levels  of  erosion,  the  lower 
ones  belonging  to  the  next  stage  of  the  static  waters.  The  highest  level 
upon  the  west  side  of  the  valley  is  upon  a  kame  or  moraine  deposit,  which 
dammed  the  lateral  valley  and  produced  the  tributary  morainal  Rush- 
ford  lake  (see  page  451),  and  the  level  is  believed  to  belong  to  that  local 
lake.  A  lower  terrace  on  the  river  side  of  the  moraine  is  believed  to  be  a 
delta  of  the  Rushford  lake  outlet  or  a  plane  of  the  Genesee  waters,  at 
an  altitude  of  1,514  to  1,530  feet  (aneroid,  with  spirit-level). 

At  Fillmore  the  lower  of  the  elevated  terraces  were  measured  by  spiritr 
level  and  a  careful  estimate  of  the  added  height  of  the  distant  summit 
terrace  gave  a  result  for  the  latter  of  somewhat  more  than  1,500  feet. 

FIFTH  STAGE:  PORTAQBVILLE-NUNDA  LAKE. 

Oudets, — The  immediate  or  primary  outlet  was  by  the  upper  Canase- 
raga  channel,  the  waters  falling  into  Dansville  lake.  The  ultimate  outlet 
was  by  the  Burns  channel  to  the  Chemung — Susquehanna. 

Oeneral  description. — In  connection  with  this  and  the  succeeding  stage 
there  is  a  complication  of  conditions  and  phenomena  making  a  difficult 
but  fascinating  problem.  For  the  understanding  of  the  matter  by  the 
reader  it  is  necessary  to  describe  the  main  topographic  features  of  the 
district  comprised  by  a  circuit  of  Portageville,  Nunda,  Canaseraga,  Dans- 
ville and  Mount  Morris,  and  give  an  outline  of  the  history. 

At  Portage  gorge  the  river  drops  into  its  postglacial  channel,  reaching 
to  Mount  Morris.  Upon  the  west  the  land  is  high.  Upon  the  east  the 
ridge  dividing  the  Genesee  channel  from  the  broad,  low  valley  of  the 
Kishawa  creek  (Nunda  valley)  is  lower,  ranging  from  1,100  down  to  80() 
feet.  The  present  Kishawa  valley  heads  in  a  heavy  moraine  south  of 
Nunda  village  and  a  branch  leads  southeast  to  a  col.  From  this  col,  a 
few  miles  north  of  Swains  station,  a  fine  rock  channel  leads  south  and 
then  east  to  Canaseraga  village.  In  this  old,  abandoned  river  channel 
rises  the  Canaseraga  creek,  which,  one  mile  east  of  Canaseraga  village, 
drops  into  the  gorge  locally  known  as  Poags  Hole ;  then  a  few  miles  north 
emerges  into  the  broad  Dansville  valley  and  finally  joins  the  Genesee 
river  near  Mount  Morris.  The  main  divide  between  these  waters  and  the 
Susquehanna  waters  is  at  the  head  of  Poags  Hole,  one  or  two  miles  north 
of  Burns  station  on  the  Erie  and  the  Central  New  York  and  Western 
railroads. 

The  history  in  brief  seems  to  be  as  follows :  Before  the  Cuba  outlet 
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ceased  to  be  effective  it  is  probable  that  Poags  Hole  and  the  Dansville 
valley  were  the  site  of  a  local  glacial  lake,*  the  Dansville  lake,  overflow- 
ing  past  Burns  to  the  Chemung  river.  When  the  ice  uncovered  the 
region  of  Portageville  the  Genesee  waters  found  an  avenue  of  escape,  150 
feet  lower  than  Cuba,  over  the  morainic  dam  east  of  Portageville  and 
filled  the  upper  Nunda  (Kishawa)  valley  to  the  height  of  the  col  north 
of  Swains.  Overflowing  by  the  Swains-Canaseraga  channel  into  the 
Dansville  lake,  the  water  ultimately  escaped  by  the  Poags  Hole  col  past 
the  sites  of  Burns  and  Hornellsville  to  the  Susquehanna. 

Primary  outlet — ^The  present  water-parting  between  the  Nunda  valley 
and  the  Swains-Canaseraga  channel  is  at  Ross  crossing  on  the  Central 
New  York  and  Western  railroad,  four  miles  north  of  Swains.  This  point 
is  the  southern  limit  or  head  of  a  heavy  moraine  which  fills  the  head  of 
the  Kishawa  valley  and  descends  rapidly  to  the  north  toward  Nunda. 

The  rock  channel  begins  immediately  south  of  the  divide  and  extends 
past  Swains,  Garwoods  and  Canaseraga  to  the  head  of  Poags  Hole,  two 
miles  north  of  Bums,  a  length  of  12  miles,  being  traversed  the  whole 
distance  by  the  Erie  and  the  Central  New  York  and  Western  railroads. 
At  Garwoods  and  at  Canaseraga  other  valleys  join  and  the  channel  is 
there  expanded  and  indefinite,  but  with  these  exceptions  the  channel 
preserves  its  fine  and  uniform  characters  as  an  old  river-course  (see  plate 
20,  figure  1).  It  has  a  very  steady  width  of  one-fourth  to  one-third  of  a 
mile,  with  abrupt  banks  of  Portage  shales  and  curvatures  of  large  radius. 
The  bottom  of  the  channel  is  now  flat  and  swampy,  the  stream  being 
insignificant.  The  mouths  of  side  ravines  are  left  higher  than  the  channel 
bottom,  and  bisected  deltas,  20  to  40  feet  high,  are  frequent.  The  altitude 
of  the  divide  is  1,320  feet.  The  fall  from  there  to  Swains,  four  miles,  is 
13  feet;  from  Swains  to  Garwoods,  two  miles, is  30  feet;  from  Garwoods 
to  Canaseraga,  two  miles,  is  20  feet ;  or  60  feet  fall  for  the  first  eight  miles 
below  the  divide.    This  channel  terminates  one  mile  east  of  Canaseraga. 

Ultimate  outlet. — The  waters  of  the  fifth  stage  were  poured  into  the 
Dansville  local  lake  one  mile  east  of  Canaseraga  village.  The  second,  or 
ultimate  outlet  to  the  Susquehanna  waters,  will  be  described  in  connec- 
tion with  the  sixth  stage  of  the  Genesee  waters. 

Water-levels, — The  erosion  plane  of  this  lake  extends  as  far  up  the  valley 
as  Belfast,  but  it  is  the  highest  or  summit  level  only  north  of  a  parallel 
cutting  the  valley  just  south  of  Portageville.  Being  lower  and  nearer 
the  center  of  the  valley,  these  are  the  most  conspicuous  levels  visible 
from  the  railroad  throughout  the  extent  from  Portageville  to  Belfast 
They  have  been  measured  at  numerous  points,  as  follows :  Two  miles 

•  Described  fn  a  former  paper.  Ball.  Geol.  Soc.  Am.,  vol.  6,  pp.  358,  and  dow  believed  to  have  been 
later  joined  «rlth  the  Genesee  waters  of  the  sixth  stHge. 
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southeast  of  Belfast,  1,375  (aneroid) ;  east  of  Orainel,  1,325  (aneroid) : 
Caneadea,  1,343  (aneroid),  1,356  to  1,370  (spirit-level);  Fillmore,  1,344 
to  1,370  (spirit-level);  Portage,  many  points  accurately  measured,  rang- 
ing from  1,322  to  1,360.  At  Portageville  we  know  the  exact  height  of 
the  plateaus.  The  Erie  railroad  passes  over  the  scoured  gravel  plains  at 
Dalton  station,  1,330,  and  at  Hunts  station,  1,333,  and  at  Portage  stiiticm 
has  cut  into  a  broad,  flat,  gravel  plateau  10  to  12  feet.  The  verified  alti- 
tude of  the  Erie  trestle  over  the  Genesee  is  1,314  feet.  The  station  is  one 
foot  lower  and  the  fine  erosion  plane  at  the  station  is  1,323  to  1,325  feet. 
By  hand  level  and  aneroid  the  numerous  terraces  around  and  east  of 
Portageville  are  made,  as  given  above,  1,322  to  1,360  feet.  West  of  the 
village  one  shoreline  bench,  which  probably  marks  the  highest  water 
surface,  is  judged  to  be  about  1,370  feet.  The  gravel  plateaus  east  of 
Portageville  are  the  leveled  moraine  or  kame  drift  which  blocked  the 
old  valley  and  diverted  the  river.  With  the  first  uncovering  by  the  \ce 
the  ponded  waters  swept  over  this  drift  to  reach  the  Nunda  valley  and 
the  Swains  channel.  A  well  defined  scourway  is  seen  on  the  highway 
toward  Hunts,  with  altitude  1,340  to  1,350  (aneroid).  Later  the  waters 
escaped  over  the  lower  ground  north  of  Portageville.  but  they  did  not  fall 
much  below  this  level  during  the  fifth  stage,  as  the  bottom  of  the  present 
Swains  divide  is  1,320  feet. 

At  Angelica  a  delta  was  measured  by  aneroid  from  uncertain  datum 
as  1,435  feet,  and  east  of  Belfest  are  terraces,  by  aneroid,  1,430  to  1,450 
feet.  These  do  not  correlate  with  the  summit  levels  of  either  the  fourth 
or  fifth  stages,  but  can  be  properly  regarded  as  marking  a  pause  in  the 
subsiding  waters.  These  are  the  only  measurements  made  in  the  whole 
valley  which  do  not  accord  with  an  outlet  plane. 

SIXTH  STAOE:  DANSVILLB  LAKE, 

Outlet. — The  outlet  was  by  middle  Canaseraga  gorge  (Poags  Hole),  past 
Burns  and  Homellsville,  to  Canisteo  creek,  Chemung  and  Susquehanna 
rivers  (see  plate  20,  figure  2). 

The  Burns-Arkport  channel  is  the  grandest  of  the  abandoned  water- 
courses. Its  effective  life  was  probably  shorter  than  some  others  described 
above,  but  it  carried  a  much  greater  volume  of  glacial  water.  The  chan- 
nel is  about  three-fourths  of  a  mile  wide,  usually  with  drift  banks,  and 
extends  from  the  edge  of  the  Poags  Hole  gorge,  one  and  one-half  miles 
east  of  Canaseraga,  past  Burns  and  Arkport  to  Homellsville,  a  distance 
of  twelve  miles.  Its  fall  in  that  distance  is  about  50  feet,  but  four-fifths 
of  this  fall  is  in  the  last  six  miles.  Between  Burns  and  Arkport,  three 
miles,  there  is  a  fall  of  only  three  to  five  feet.  Below  Burns  the  vaUey 
bottom  is  comparatively  smooth,  but  above  Burns,  toward  and  at  the 
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divide,  the  channel  is  somewhat  swampy  and  uneven,  and  the  vegetable 
growth  has  not  covered  the  old  river  gravels.  The  divide  is  under  poor 
cultivation,  the  soil  being  coarse  sand  and  gravel  with  low  mounds  and 
lon<^itudinal  bars  of  washed  gravel.  The  material  is  so  porous  that  no 
recognizable  stream  is  seen  above  Burns.  The  altitude  is  about  1,210 
feet.  The  plain  of  the  divide  ends  suddenly  to  the  north  in  the  deep 
Poags  Hole  gorge,  which  has  been  cut  out  of  the  drift-filling  which  appar- 
ently occupies  a  great  depth  of  the  ancient  valley.  Upon  the  west  side 
of  the  channel,  along  by  Burns,  there  still  remains  about  one-half  mile 
in  wdth  of  the  moraine  and  kame  filling.  At  Arkport  there  is  a  group 
of  drift  hills  on  the  east  side  of  the  channel.  Detrital  or  flood  plains  are 
seen  all  the  way  from  Bums  to  Homellsville,  at  a  height  of  15  to  30  feet 
over  the  channel. 

Water-levels. — This  stage  of  the  glacial  waters  began  when  the  receding 
ice-sheet  uncovered  the  ridge  between  the  Nunda  and  the  Dansville  val- 
leys down  to  an  altitude  lower  than  the  Swains  divide.  Gradually  the 
Swains  channel  was  abandoned  as  the  waters  fell  to  the  level  of  the  Dans- 
ville lake,  and  the  Burns  col  became  the  direct  and  only  outlet. 

With  this  fall  of  the  Genesee  waters  the  local  Portageville  morainal 
lake  was  established.  The  moraine  dam  was  left  at  a  height  of  1,323  to 
1,340  feet,  east  of  Portageville,  but  we  have  no  means  of  knowing  the 
amount  of  drift-filling  which  has  been  cut  away  by  the  river  over  the 
head  of  the  Portage  gorge.  The  fall  of  water  surface  from  the  fifth  to 
the  sixth  stage  was  about  100  feet,  as  the  Burns  outlet  had  been  partially 
cleared  by  the  local  lake  drainage. 

Perhaps  the  local  Portageville  lake  cut  down  the  drift  top  of  its  dam 
so  rapidly  as  to  retain  a  level  not  far  above  the  subsiding  glacial  waters, 
but  when  the  rock  was  reached  the  morainal  lake  was  certainly  left  be- 
hind. The  top  of  the  rock  at  the  head  of  the  Portage  gorge,  beneath  the 
Erie  trestle,  is  1,240  or  1,250  feet.  The  numerous  and  conspicuous  lower 
l»lateaus  in  the  Genasee  valley,  from  Portageville  up  as  far  as  Caneadea, 
ranging  from  1,160  to  1,270  feet,  undoubtedly  belong  to  the  local  morainal 
lake  and  not  to  the  glacial  waters. 

The  undoubted  terraces  of  the  sixth  stage  must  be  found  north  of  or 
below  the  Portageville  moraine.  Such  are  to  be  seen  in  the  present 
valley  of  the  Genesee  (the  Saint  Helena  valley),  in  the  Kishawa  valley 
and  in  the  Dansville  valley.  The  only  strong  plateaus  that  have  been 
closely  estimated  in  the  Genesee  valley  are  the  delta  terraces  at  the  mouth 
of  Wolf  creek,  on  the  west  side,  a  few  miles  north  of  the  Portage  ravine. 
The  summit  was  estimated  from  aneroid  measurements  at  1,275  feet. 
Some  three  miles  north  of  Wolf  creek  a  broad  clay  terrace  or  silted  plain 
was  mea-iured  by  aneroid  at  1,225  feet. 
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In  the  Kishawa  valley  no  measurements  of  this  plane  have  been  taken. 
The  prominent  high  plateaus  about  the  head  of  the  Dansville  valley* 
belong  to  the  antecedent  phase  of  the  local  lake  and  mark  the  earliest  high 
levels  (see  plate  21,  figure  1),  but  the  lower  extensive  plateaus  about  Poags 
hole  mark  the  latest  levels  of  the  water;  these  are  as  low  as  1,220  feet,  or 
only  10  feet  over  the  present  channel.  A  correction  of  the  datum  in  the 
Dansville  valley  makes  the  summit  plateau  on  the  east  side  of  Poags 
Hole,  or  west  of  the  Central  New  York  and  Western  railroad  station,  1,262 
feet,  and  the  highest  terraces  near  Conesus  fall  into  levels  under  1,200 
feet,  the  latter  consequently  belonging  to  the  waters  of  the  next  stage.! 

SEVENTH  STAGS:  WARREN  TRIBUTARY  LAKE. 

Outlet, — The  outlet  was  across  the  western  divide  into  lake  Warren. 

This  stage  of  the  glacial  Genesee  waters  is  at  the  time  of  this  writiiig 
not  entirely  certain  in  all  features,  partly  on  account  of  the  indefinite 
character  of  the  phenomena  and  partly  for  lack  of  detailed  study  of  the 
area  involved. 

The  western  divide  between  the  Genesee  and  the  Tonawanda  draina<;e 
is  a  broad,  irregular  land  mass  which  declines  northward  from  altitude 
of  about  1,400  feet  near  Warsaw  to  about  900  feet  near  Batavia.  As  the 
ice-sheet  was  removed  from  this  northward-sloping  divide  at  an  altitude 
of  about  1,200  feet,  the  glacial  waters  began  to  spill  over  westward  into 
other  waters  tributary  to  lake  Warren.  The  sixth  stage  in  this  history 
did  not  come  to  an  abrupt  end  by  the  sudden  opening  of  a  single  outlet 
far  below  the  height  of  the  Burns- Arkport  outlet,  but  terminated  gradu- 
ally by  the  uncovering  of  the  irregular  dividing  ridge  above  described. 
The  earliest  overflow  seems  to  have  occurred  at  a  point  about  two  miles 
south  of  the  village  of  Bethany,  where  a  narrow  scourway  of  small  ca- 
pacity is  seen  crossing  the  divide  at  an  altitude  by  aneriod  of  about  1,2C)0 
feet.  Somewhat  larger  scour  ways  at  slightly  lower  altitude  are  found 
one-half  mile  south  of  the  village,  and  still  larger  ones  one-half  mile  north 
of  the  village  at  altitude  of  about  1,100  feet.  'I'he  largest  water-course, 
observed  is  some  two  miles  north  of  Bethany  and  directly  west  of  East 
Bethany,  where  a  well  defined  channel  over  one-fourth  mile  wide  is  cut 
down  to  rock.  This  shallow  pass  is  traversed  by  the  Delaware,  Lacka- 
wanna and  Western  railroad,  which  to  secure  easier  grade  has  cut  10  feet 
into  the  decomposing  shales.  The  present  water-parting  is  about  two 
miles  west  of  East  Bethanv  station,  where  the  rock-sill  of  the  waste-weir 
has  an  altitude  of  about  1,030  feet,  or  180  feet  lower  than  the  outlet  of 
the  sixth  stage  waters.     From  this  scourway  no  single  large  channel  is 

*  Vol.  6  of  this  Bulletin,  pp.  358-360. 

fThis  is  a  oorrecUoa  of  the  altitude  given  in  the  former  paper,  vol.  6  of  this  Bulletin,  p.  361. 
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found  leading  down  the  slope  into  theTonawanda  valley,  but  narrow, 
steep  channels  occur  in  the  shales.  The  latter  decompose  rapidly  under 
atmospheric  agencies,  and  the  ancient  channel  has  probably  been  cut  and 
obscured  by  later  erosion. 

In  the  r^ion  of  East  Bethany  the  j^round  consists  of  broad  stretches 
of  level  silts  or  sand  plains,  apparently  spread  out  by  lacustrine  waters. 

North  of  the  East  Bethany  channel  is  a  low  east  and  west  ridge  of 
irregular  and  morainic  character,  which  apparently  marks  the  location  of 
the  ice-front  during  the  time  the  East  Bethany  channel  was  effective* 
Between  that  ridge  and  Batavia,  four  miles  northwestward,  the  drift  sur- 
face is  shaped  into  east  and  west  forms,  at  least  partially  due  to  the 
erosion  by  water  currents  subsequent  to  the  ice  occupation.  The  alti- 
tudes of  the  scourways  are  from  950  feet  down  to  900  feet  near  Batavia. 

The  broad  plain  of  sand  and  gravel  on  which  Batavia  lies,  with  an 
altitude  of  890  feet,  is  probably  the  effect  of  the  leveling  of  the  kame 
and  moraine  drift  by  these  lake  waters  during  the  close  of  the  seventh 
stage.  The  ice-front  was  then  north  of  Batavia  and  the  seventh-stage 
waters  had  blended  with  the  local  Attica  lake  which  occupied  the  Tona- 
wanda  valley.  This  episode  was  probably  contemporary  with  the  last 
phase  of  the  ice-dam  holding  the  Warren  waters  in  check  west  of 
Batavia.* 

The  altitude  of  the  blended  Genesee  and  Tonawanda  waters,  which 
was  not  far  above  900  feet,  was  determined  by  the  height  of  some  hypo- 
thetical channels  over  the  western  border  of  the  Tonawanda  valley  into 
the  Warren  waters,  which  latter  waters  lay  only  a  few  miles  to  the  west 
at  an  altitude  of  860  feet. 

Water-levdif,: — The  water-levels  of  this  stage  have  not  been  closely  stud- 
ied. Various  planes  with  altitudes  from  1,200  down  to  900  feet  may 
probabl}'  be  correlated  with  this  episode. 

The  western  and  southern  limits  of  the  lake  were  not  very  different 
from  those  of  the  preceding  stage.  The  eastern  and  northern  limits  are 
unknown,  being  dependent  upon  the  position  of  the  edge  of  the  ice-sheet- 

EIGHTH  STAGE:   WARREN  WATERS. 

Outlet  by  Chicago  to  the  Mississippi. 

During  the  time  covered  by  the  lacustrine  history  of  the  Genesee  valley 
as  described  above  other  glacial  lakes  were  formed  on  the  north  slope  of 
the  continental  divide  both  east  and  west  of  the  Genesee  valley.  The 
greatest  of  all  the  glacial  lakes  in  the  Laurentian  basin  was  lake  Warren, 
which  had  its  outlet  past  the  site  of  Chicago  to  the  Mississippi  drainage, 

*9ee  article  by  Mr  Frank  Leverett  on  **  Correlation  of  New  York  Moraines  with  Raised  Beaches 
of  hfkke  £rie/'  Amer.  Jour.  Sci.,  vol.  1,  July,  1805,  pp.  \-^k 
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as  the  eastern  or  Ontario  end  of  the  Laurentian  depression  was  filled  with 
ice.  At  the  time  which  we  have  now  reached  in  this  history  of  the 
Genesee  valley  the  Warren  waters  had  forcpd  their  way  eastward  as  far 
as  western  New  York.  The  heavy  beaches  have  been  traced  along  the 
south  side  of  lake  Erie  northeastward  to  Alden  and  Crittenden,  west  of 
Batavia,  where  they  have  an  altitude  of  860  to  865  feet.*  . 

During  the  seventh  stage  the  Genesee  waters  had  been  draining  over 
the  western  border  of  the  valley  into  the  Warren  waters  and  gradually 
approaching  the  level  of  the  latter.  Finally,  when  the  western  border  of 
the  Genesee  valley  was  uncovered  down  to  about  860  to  870  feet,  the 
Genesee  waters  blended  with  lake  Warren.  This  required  the  desertion 
by  the  ice  of  the  point  of  high  land  reaching  north  to  Batavia.  A  termi- 
nal moraine  east  and  west  of  Batavia  indicates  a  considerable  lingering 
of  the  ice-front  at  this  line,  but  with  the  retreat  of  the  ice  the  Warren 
waters  invaded  the  Genesee  valley  and  spread  far  eastward. 

The  lower  Genesee  valley  was  flooded  up  to  an  altitude  as  high  or 
higher  than  the  beaches  west  of  Batavia  (865  feet).  The  waters  extended 
up  the  valley  as  far  as  Mount  Morris,  where  the  river  at  its  debouchment 
built  a  delta  in  the  lake.  The  Dansville  valley  was  also  flooded,  and 
indeed  the  Warren  erosion  and  delta  planes  are  to  be  found  throughout 
the  region  between  850  and  900  feet  altitude. 

There  remains  much  uncertainty  as  to  the  eastward  extent  and  alti- 
tude of  lake  Warren.  Many  phenomena  have  been  noted  and  strong 
erosion  planes  found  as  far  east  as  Ontario  county,  but  a  systematic  study 
of  the  Warren  phenomena  has  not  been  made  in  this  region,  and  further 
discussion  will  be  reserved  for  a  future  paper. 

When  the  Genesee  waters  fell  to  the  Warren  level  a  morainal  lake  was 
left  in  the  new  portion  of  the  river  valley  above  Mount  Morris,  and  the 
rock-cut  at  the  "  high  banks  "  was  begun  (see  page  450). 

During  the  stage  of  Warren  waters  the  low  plain  of  the  Salina  and 
Niagara  terranes,  lying  north  of  the  Devonian  plateau  and  under  850  feet 
altitude,  received  a  heavy  burden  of  detritus  derived  from  the  reexcava- 
tion  of  the  higher  river  valley.  Such  depressions  in  that  plain  as  were 
not  filled  by  ice-drift  were  silted  up  during  this  lacustrine  stage,  and  the 
leveling  was  su\)sequently  completed  by  the  waves  and  currents  of  the 
receding  margin  of  the  falling  lake.  Along  the  present  river-coarse  each 
point  was  also  at  one  time  the  locus  of  the  river-delta  deposits.  In 
consequence  of  this  filling  and  leveling  of  the  Warren  lake  floor  in  the 

*  For  description  and  discussion  of  these  phenomena  the  reader  is  referred  to  the  writings  of 
Warren  Upham,  J.  W.  Spencer,  G.  K.  Gilbert,  Frank  Leverett  and  F.  B.  Taylor  in  rarious  geological 
journals.  A  condensed  review  of  the  extinct  lakes  of  the  Saint  Lawrence  basin,  with  bibliography, 
will  he  found  in  the  American  Journal  of  Science,  vol.  xlix,  January,  1895,  pp.  1-18. 
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Genesee  region  the  area  ia  today  comparatively  smooth,  except  for  recent 
stream  excavation  and  the  drumloid  ridges. 

A  brief  pause  of  the  glacier  front  at  the  southern  edge  of  Rochester  had 
accumulated  an  east-and-west  crescentic  kame-moraine,  *  which  after  the 
withdrawal  of  the  Warren  waters  probably  acted  as  a  low  barrier  in  the 
course  of  the  river  and  caused  a  shallow  morainal  lake  (see  page  450). 
As  the  waters  fell  the  river  extended  its  channel  over  the  abandoned  lake 
beds.  From  Mount  Morris  to  below  Avon  it  meandered  over  the  silted 
floor  of  its  old  valley.  Beyond  Avon  the  ancient  valley  is  lost,  and  the 
river  wandered  northward  among  the  drumloid  ridges  for  10  miles  and 
then  took  a  more  direct  course,  east  of  north.  In  the  cut  through  the 
moraine  the  river  is  now  on  rock,  and  this  point,  locally  known  as  the 
"  rapids,"  is  the  extreme  head  of  the  Rochester  canyon  of  the  Genesee ; 
but  the  excavation  of  the  gorge  did  not  begin  in  earnest  until  the  next, 
or  Iroquois  stage. 

The  Warren  stage  ended  only  when  the  ice-dam  by  its  melting  opened 
up  an  outlet  channel  in  the  Mohawk  valley  lower  than  the  Chicago 
channel.  The  waters  then  fell,  how  gradually  we  do  not  yet  know,  to 
the  level  of  the  *'  Ridge  road."  at  Rochester,  and  the  next  and  hist  stage 
of  the  glacial  waters  was  inaugurated. 

NINTH  STAGE:  IROQUOIS  WATERS. 

Outlet  by  Rome  to  the  Mohawk  and  the  Hudson. 

To  glacial  geologists  the  characters  in  general  of  lake  Iroquois  are  too 
well  known  to  need  description  here.  A  strong  beach,  locally  known  as 
the  •*  Ridge  road,"  extends  east  and  west  across  western  New  York  with 
an  altitude  across  Monroe  county  of  430  to  440  feet.  During  this  episode 
the  Genesee  river  debouched  into  lake  Iroquois  at  what  is  now  the  north- 
ern edge  of  the  city  of  Rochester  and  spread  out  a  broad  subaqueous 
delta  of  silt.  This  delta  is  seen  more  clearly  upon  the  eastern  side  of  the 
river,  extending  northward  to  lake  Ontario  and  eastward  to  Irondequiot 
bay,  being  deeply  scored  by  recent  drainage.  Numerous  boulders  and 
other  evidence  of  ice-rafting  occur,  and  cuttings  in  the  clay  reveal  con- 
tortions due  to  crushing  or  pushing  of  the  beds,  evidently  produced  by 
readvance  of  the  ice  or  by  the  dragging  of  icebergs  (see  plate  21,  figure  2). 

The  Genesee  canyon  at  Rochester  was  begun  during  the  Iroquois  stage. 
South  of  the  Pinnacle  moraine  the  Genesee  waters  were  ponded  for  a  time 
in  a  shallow  morainal  lake.  North  of  the  morainic  dam,  at  the  **  rapids," 
the  river  was  a  swift  stream  with  rock  channel  and  broke  over  the  edge 
of  the  Niagara  limestone  at  some  undetermined  point  north  of  the  present 

♦The  Kame-Moraine  at  Rochester,  N.  Y.    H.  L.  Fairchild.    American  Geologist,  vol.  xvi,  pp. 
»-61, 18W. 
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upper  falls.  At  that  point  the  limestone  escarpment  probably  prodaced 
at  first  only  rapids  in  the  stream  which  then  for  toward  two  miles  flowed 
in  a  deepening  gorge  of  Niagara  shale  until  it  reached  the  level  of  the 
Iroquois  waters.  The  excavation  of  the  lower  part  of  the  canyon  did  not 
begin  until  the  Iroquois  lake  was  drained  to  the  Ontario  level. 

The  studies  of  Mr  Gilbert  have  shown  that  there  were  considerable 
changes  in  the  level  of  lake  Iroquois  produced  by  the  differential  eleva- 
tion or  warping  of  the  land  of  the  Ontario  basin,  and  it  is  r^arded  as  prob- 
able that  the  whole  region  during  the  Warren  and  Iroquois  episodes  wfl£ 
at  a  much  lower  altitude  as  regards  sealevel  than  it  is  now.  The  unequal 
elevation  has  caused  the  old  Warren  and  Iroquois  beaches  to  be  thrown 
out  of  their  horizontality  and  to  have  now  a  progressive  elevation  nortb- 
eastward. 

With  the  removal  of  the  glacial  ice-dam  from  the  valley  of  the  Saint 
I^wrence,  lake  Iroquois  was  drained  by  the  lower  outlet  and  the  last  of 
the  series  of  glacial  Genesee  lakes  came  to  a  reluctant  end. 

TENTH  STAGE:  LAKE  ONTARIO  {NON  OLACIAL.) 

Outlet  by  the  Saint  Lawrence  river. 

It  will  be  understood  that  this  is  not  a  stage  of  glacial  waters,  but  it  is 
included  here  as  completing  the  postglacial  lacustrine  history  of  the 
Genesee  valley. 

SUMMARY, 

The  first  stage  in  the  glacial  drainage  of  the  valley  was  from  the  head- 
waters to  both  the  Susquehanna  and  the  Ohio-Mississippi,  with  altitudes 
of  water  surfaces  over  2,200  feet. 

The  second,  third  and  fourth  stages  drained  to  the  Ohio-Mississippi, 
with  altitudes  respectively  2,068,  1,600  and  1,496  feet 

The  fifth  and  sixth  stages  drained  to  the  Susquehanna,  with  altitudes 
of  1,320  and  1,210  feet. 

The  seventh  and  eighth  stages  drained  to  the  Illinois-Mississippi,  with 
altitudes  from  1,200  down  to  880  ±  feet. 

The  ninth  stage  drained  to  the  Hudson,  with  an  altitude  of  435  to  440 
feet. 

The  tenth  stage  is  the  non-glacial  Saint  Lawrence  drainage, with  present 
altitude  of  247  feet. 

CONTEMPORAUY   LOCAL  GLACIAL   LaKES. 
IN  QENESEE  HYDROORAPHIC  AREA. 

Oonditiona  affecting  formation  of  local  lakes, — Local  or  restricted  glacial 
lakes  could  only  form  in  such  creek  valleys  as  incline  northward  or  have 
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at  least  such  relation  to  the  river  valley  that  the  lobing  of  the  ice-front 
in  the  latter  would  dam  the  mouth  of  the  side  valley  while  the  head  of 
the  valley  was  open. 

The  directions  of  lateral  stream  drainage,  as  shown  by  the  map,  would 
seem  to  make  such  a  damming  a  certainty  for  all  the  principal  west  side 
streams  from  the  head  waters-down  to  Caneadea  creek,  and  also  for  Oatka 
creek.  For  the  east  side  it  was  certainly  true  of  the  Canaserap^a,  and  also 
of  the  valleys  of  the  western  ''iinger  "  lakes,  Gonesus,  Hemlock,  Canadice 
and  Honeoye.  A  multitude  of  lakelets  must  have  had  a  brief  existence 
in  the  great  number  of  elevated  and  isolated  valleys  in  which  lie  the 
sources  of  drainage,  but  it  is  impossible  to  consider  these.  A  few  of 
the  more  important  lakes  of  this  class  will  be  briefly  described  as  ex- 
amples. 

Knight  Creek  lake. — ^The  upper  part  of  the  valley  of  Knight  creek  held 
a  glacial  lake,  the  overflow  of  which  occupied  the  gorge  east  of  Bolivar. 
In  looking  for  possible  outlets  of  the  Genesee  lakes  this  pass  was  exam- 
ined and  was  found  to  have  been  the  channel  of  an  extinct  stream  of 
considerable  size,  but  not  sufliciently  large  to  carry  the  drainage  of  the 
Genesee  glacier.  The  subsequent  discovery  of  the  low  Stone  Dam  outlet 
of  the  Genesee  waters  at  once  explained  the  Bolivar  channel  as  being  the 
outlet  of  only  the  local  Knight  Creek  lake. 

This  channel  is  a  winding  mountain  gorge,  two  or  three  miles  in  lengthy 
holding  now  only  a  small  stream.  The  high  walls  are  rook,  the  bottom 
flat  and  perhaps  600  feet  wide,  of  gentle,  steady  grade  to  the  col,  which 
is  about  five  miles  from  Bolivar.  The  divide  is  swampy  on  the  Genesee 
side,  and  is  reported  to  be  drift. 

A  thousand  oil  derricks  rising  through  the  timber  recall  the  days  of 
the  Allegheny  county  oil  boom,  when  a  narrow-gauge  railroad  used  this 
pass  to  reach  Wellsville.  An  old  profile  of  this  abandoned  road  makes 
the  altitude  of  the  divide  1,997  (?)  feet.  No  observations  have  been  made 
upon  the  phenomena  in  the  local  lake  basin. 

FriendsMp  (  Van  dampens  Creek)  lake, — North  of  Bolivar  and  Richburg 
are  two  cols  known  locally  as  "  East  notch  "  and  "  West  notch."  Each 
of  these  seems  to  have  been  an  outlet  of  small  and  transient  lakes  in  the 
two  forks  of  the  south  branch  of  Van  Campens  creek.  The  east  notch 
shows  little  evidence  of  stream  action  and  is  definitely  higher  than  the 
west  notch.  The  latter  has  a  sharp  ridge  at  the  divide,  but  a  well  deflned, 
although  small,  scourway  leading  south  to  Richburg.  A  narrow-gauge 
branch  of  the  Lackawanna  and  Southwestern  railroad  formerly  traversed 
this  pass,  but' the  altitiide  is  not  known.  The  small  lake  drained  by  this 
outlet  we  will  call  the  Wirt  Center  lake. 
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The  larger  local  lake  in  the  main  Van  Canipens  creek  valley,  with 
which  the  Wirt  Center  lake  soon  united,  and  which  will  be  called  the 
Friendship  lake,  had  its  outlet  by  the  west  branch  of  the  creek  and  the 
drainage  was  by  Champlain  and  Oil  creeks  past  Cuba,  This  is  a  well 
defined  scourway  in  drift.  The  divide  is  smooth,  not  swampy  and 
about  600  feet  wide.  The  Erie  railroad  traverses  this  pass,  which  has 
an  altitude  of  1,692  feet. 

Numerous  plateaus  and  terraces  are  seen  in  this  valley  at  different 
heights.  Theoretically  there  are  three  sets  of  water-levels  in  this  valley; 
the  local  Friendship  lake  levels,  which  should  be  about  1,700  to  1,710  feet 
altitude ;  the  third  stage  levels  of  the  Genesee  water  (Stone  Dam  outlet) 
about  1,610  to  1,630  feet,  and  the  fourth  stage  levels  (Cuba  outlet)  about 
1,510  to  1,530  feet. 

Black  Creek  lake. — This  lake  was  the  early  local  lake  in  the  valley  of 
Black  creek,  with  outlet  past  Cuba,  which  later  was  part  of  the  fourth 
stage  waters. 

Rushford  lake, — From  the  little  that  is  known  of  the  upper  Caneadea 
valley  by  observation  and  report,  it  seems  likely  that  a  local  glacial 
lake  existed  in  the  upper  part  of  the  valley.  The  outlet  is  probably 
to  be  found  upon  some  highway  leading  southward  from  Rushford  to 
Cuba.  A  morainal  lake  (described  on  page  451)  subsequently  existed 
here. 

Warsaw  lake. — The  upper  part  of  the  Oatka  (Allen)  Creek  valley  must 
have  been  filled  with  glacial  waters  overflowing  for  a  time  probably 
by  Wolf  creek  into  the  fifth  and  sixth  stage  waters  of  the  Genesee.  The 
phenomena  have  not  been  studied.  With  the  retreat  of  the  ice-dam  this 
local  lake  blended  with  the  seventh  stage  of  the  Genesee  waters. 

DansvlUe  lake. — ^This  lake  has  been  sufficiently  described  above  as  cor- 
responding in  outlet  and  level  with  the  sixth  stage  of  the  Genesee  waters. 
The  details  have  been  given  in  a  former  paper,*  to  which  the  only 
amendment  now  required  is  that  the  elevations  of  terraces  should  all, 
with  two  exceptions,  be  raised  32  feet  on  account  of  correction  of  datum. 
The  exceptions  are  the  Summit  terrace  west  of  Stony  Brook  station, 
which  is  1,262  feet,  and  the  Culbertson  Glen  terrace,  which  remains 
853  feet. 

ScotUburg  lake. — It  now  seems  quite  certain  that  the  Conesus  Lake 
valley  could  never  have  had  an  independent  level,  but  must  have  been, 
on  account  of  the  low  pass  (907  feet)  west  of  Scottsburg,  a  part  of  the 
sixth  and  seventh  stages  of  the  Genesee  waters.  Subsequently  the  valley 
was  held  possession  of  by  the  Warren  waters  from  the  north. 

*  Vol.  6,  thib  Bulletin,  pp.  »68-<i60. 
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Springwater  lake. — The  valley  of  Hemlock  lake  was  the  basin  of  an 
independent  glacial  lake,  overflowing  at  Way  land  into  Susquehanna 
tlrainage.  The  altitude  of  its  outlet  is  a  little  over  1,400  feet,  but  the 
main  channel  across  the  divide  from  the  Dansville  valley  into  which  the 
Hemlock  waters  were  poured  is  1,362  feet.  This  lake  deserves  fuller  de- 
scription than  can  here  be  given.  The  same  is  true  of  the  two  other 
"  finger"  lakes,  Canadice  and  Honeoye,  contained  in  the  Genesee  hydro- 
^q-aphic  area. 

TRIBUTARY  TO  OBNESES  AREA. 

At  least  two  instances  are  known  where  local  glacial  lakes  outside  the 
Genesee  basin  poured  their  waters  over  the  divide  into  the  Genesee  lakes. 
These  are  both  upon  the  east  side  of  the  area. 

The  Rexville  lake  occupied  the  valley  of  Bennets  creek  and  poured 
over  a  divide  about  two  miles  above  Rexville  into  the  head  of  Cryder 
creek.  This  pass  is  now  traversed  by  the  New  York  and  Pennsylvania 
railroad  and  has  an  altitude  of  1,912  feet.  It  is  about  700  to  800  feet 
wide,  partially  buried  under  a  detrital  cone  from  the  south  slope,  and 
leads  to  a  well  marked  channel  in  a  winding  rock  gorge. 

The  other  instance  is  a  lake  in  the  valley  of  Canacadea  creek,  which 
flows  north  into  the  Canisteo.  We  will  name  the  lake  after  the  creek. 
The  outlet  was  over  a  col  into  the  north  branch  of  Dykes  creek.  The 
valleys  and  col  are  traversed  by  the  main  line  of  the  Erie  railroad.  The 
divide  is  a  swamp  col,  700  to  800  feet  wide,  with  altitude  of  1,777  feet. 
The  ancient  channel  is  well  defined,  400  to  600  feet  wide,  and  partially 
in  rock-walls. 

Subsequent  morainal  Lakes. 
in  genesee  river. 

Doubtlass  many  pondings  of  the  Genesee  river  by  morainal  dams  ex- 
isted after  the  withdrawal  of  the  glacial  lakes.  Where  the  river  was  able 
to  cut  its  way  through  the  drift  dam  without  interference  of  rock,  the 
positive  evidence  of  such  lake  may  be  difficult  to  find.  In  two  cases, 
however,  the  river  has  made  deep  rock  ravines  and  the  evidence  of  mo- 
rainal lakes  is  conclusive.  These  dams  were  at  Portageville  and  Mount 
Morris,  and  the  lakes  have  already  been  referred  to  in  the  attempt  to 
show  the  reader  the  complexity  of  the  static  water  phenomena. 

At  Portageville  the  broad,  deep  valley  was  completely  dammed  with 
drift,  and  the  river  found  its  outlet  over  the  east  rock-wall  of  the  buried 
valley.  After  cutting  through  perhaps  75  feet  of  drift  the  river  had  to 
cut  through  about  125  feet  of  Portage  shales  before  the  lake  was  drained. 
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This  probably  required  a  length  of  time  comparable  to  the  life  of  one  of 
the  stages  of  glacial  waters. 

The  top  of  the  >rock>cut  is  about  1,250  feet,  by  estimate,  and  itseeniB 
probable  that  all  the  numerous  and  strong  terraces  found  in  the  vallev 
from  Portage  up  to  Caneadea  and  below  about  1,275  feet  altitude  belong 
to  the  moraiual  lake.    At  Portageville  .there  are  good  terraces  at  1,157 
and  1,185  feet,  and  others,  by  aneroid,  at  1,220, 1,255  and  1,265  feet.    At 
Rossburg  are  conspicuous  plateaus,  the  lower  ones  possibly  detrital  riTer      j 
plains,  but  higher  ones  at  about  1,200  feet  and  over.    At  Fillmore  the 
terraces  are  1,218,  1,233  and  1,252  feet,  and  at  Houghton  is  a  good  ter-      j 
race,  estimated  at  about  1,250  feet.     At  Caneadea  the  terraces  are  well      J 
developed  and  have  altitudes  of  1,243  and  1,273  feet.  ; 

The  Saint  Helena  morainal  lake,  which  existed  in  the  postglacial  part 
of  the  Genesee  valley  above  Mount  Morris,  has  not  been  studied.  The 
top  of  the  rock-gorge,  locally  known  as  the  "  high  banks,"  is  not  far  over 
900  feet.  The  cut,  about  300  feet  deep,  is  in  dark  Hamilton  shales  and 
was  made  during  the  Warren  and  Iroquois  stages.  On  account  of  the 
narrowness  of  the  valley  and  the  steepness  of  the  slopes,  the  water  planes 
of  the  morainal  lake  are  not  well  preserved,  but  can  undoubtedly  be 
found  by  searching. 

A  shallow  morainal  lake  probably  existed  southwest  of  Rochester,  due 
to  the  morainic  dam  which  the  river  has  cut  through  at  the  "rapids." 
This  lake  could  not  have  been  over  560  feet  in  altitude,  the  height  of  the 
dmmloid  barrier  on  the  east,  and  was  probably  only  540  to  550  feet,  the 
present  altitude  of  the  moraine.  It  could  therefore  not  have  been  deep, 
but  it  extended  up  the  valley  several  miles,  and  had  a  broad  expanse  east 
and  west,  with  very  irregular  form.  For  the  brief  episode  of  its  existence 
this  lake  received  from  the  river  a  large  amount  of  detritus,  which  was 
deposited  as  a  smooth  floor,  with  an  altitude  of  525  feet,  making  the  largest 
level  tract  in  the  region  of  Rochester. 

IN  TRIE  UTA  R  Y  STREA  MS. 

Rock  ravines  with  steep  sides,  occurring  in  the  course  of  Genesee 
tributaries,  indicate  in  all  cases  a  diverting  of  the  streams  from  their  old 
channels.  The  occurrence  of  such  rock-cuts  is  given  in  a  preceding  seo- 
tion  of  this  paper  (pages  427-429).  The  diversion  of  the  drainage  was 
due  to  damming  by  drift,  and  it  follows  that  such  part  of  the  valley  above 
the  dam  as  was  not  filled  with  the  drift  must  have  been  occupied  with 
ponded  water  up  to  at  least  the  level  of  the  top  of  the  rock-cut 

The  writer  has  observed  but  few  of  the  sites  of  these  morainal  lakes, 
and  these  will  be  described  very  briefly. 
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Probably  the  largest  and  deepest  of  the  tributary  morainal  lakes  was 
the  Rushford  lake,  in  the  Caneadea  valley.  The  moraine  which  closed 
the  valley  is  very  massive,  being  one  and  one-half  miles  wide  along  the 
river  and  reaching  about  four  miles  west,  or  up  the  Caneadea  valley  to 
within  about  one  mile  of  Rushford  village.  The  material  is  mostly  gravel 
or  kame  drift,  enclosing  large  kettles  and  one  lake,  "  Moss  pond."  The 
overflow  was  at  the  south  edge  of  the  moraine,  and  the  creek  has  exca- 
vated a  winding  channel,  with  several  rock-cuts,  along  the  south  side  of 
the  old  valley.  In  the  vicinity  of  Rushford,  and  between  there  and 
Caneadea,  the  water  planes  are  not  conspicuous,  it  being  an  illustration 
of  the  frequent  comparative  absence  of  static-water  phenomena  in  locali- 
ties where  such  water  is  positively  known  to  have  existed. 

There  was  no  great  diiference  in  altitude  between  the  levels  of  the 
Rushford  lake  and  the  fourth-stage  Genesee  water,  but  it  is  probable  that 
the  former  was  somewhat  higher  and  that  the  Genesee  waters  never 
flooded  the  Rushford  valley.  At  the  top  of  the  rock-gorge  the  kame- 
moraine  dam  is  partially  leveled  as  by  stream  floods.  This  plane  has 
been  measured  by  aneroid  on  two  separate  occasions  with  results  1,533 
and  1,548  feet  altitude  (see  page  438). 

In  the  south  branch  of  Caneadea  valley  still  higher  levels  of  an  ante- 
cedent local  glacial  lake  will  probably  be  found  (see  page  448). 

The  morainal  lake  began  when  the  ice-sheet  uncovered  the  locality 
and  existed  during  a  long  period,  sufficient  to  cut  down  through  200  feet 
of  Portage-Chemung  shales ;  it  may  have  outlived  the  glacial  waters  in 
the  river  basin.  ^ 

The  Tuscarora  morainal  lake  occupied  the  valley  of  the  Kishawa  creek 
from  some  point  north  of  Nunda  village  to  the  morainic  dam,  which  still 
blocks  the  junction  of  this  valley  with  the  lower  Canaseraga  valley.  The 
rock-gorge  has  been  referred  to  on  page  429,  and  is  farpiliar  to  travelers 
on  the  Western  New  York  and  Pennsylvania  railroad.  In  the  old  lake 
basin  the  water-planes  are  very  numerous  and  conspicuous,  in  that  respect 
being  in  striking  contrast  to  the  Rushford  basin.  The  highest  of  the 
Tuscarora  levels  are  not  much  under  the  plane  of  Warren  water  which 
buried  the  region. 
The  Tuscarora  lake  did  not  come  into  existence  until  the  Warren  waters 

m 

were  lowered,  and  it  was  probably  the  latest  of  the  larger  morainal  lakes 
in  tributary  streams. 

The  Angelica  lake  was  small  but  interesting,  on  account  of  the  sim- 
plicity of  the  evidence  and  the  fact  that  the  moraine  dam  has  been  eroded 
until  it  is  now  far  below  the  top  of  the  rock-cut  (see  page  428).  The 
water-planes  are  clearly  seen,  one  prominent  terrace  being  the  site  of  the 
village,  and  a  higher  one  forming  a  bench  above  the  village. 
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Wherever  a  rock-cut  occurs  in  a  tributary  of  the  Genesee,  the  top  of 
which  is  much  higher  thau  the  valley  bottom  above,  or  upstream,  it  is 
reasonable  to  assume  a  former  j)onding  of  the  water  or  a  morainal  lake. 
A  large  number  of  such  lakes  may  doubtless  be  discriminated  in  the 
Genesee  basin. 
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Session  op  Thursday,  December  26  • 

The  Society  was  called  to  order  at  2  o'clock  p  m,  in  room  104,  Depart- 
ment of  Arts,  University  of  Pennsylvania,  President  N.  S.  Shaler  in  the 
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chair.  The  President  made  a  few  remarks  of  salutation,  and  introduce*! 
the  administrative  business  of  the  meeting  by  a  call  for  the  report  of  the 
Council.  This  was  submitted  in  print  by  the  Secretary  and  copies  were 
distributed  to  the  Fellows. 

REPORT  OF  THE  COUNCIL 

To  the  Geohgical  Society  of  America^  in  Eighth  Anntial  Meeting  assembled : 

The  Council  has  held  its  stated  meetings  during  the  past  year,  in  con- 
nection with  the  meetings  of  the  Society,  at  Baltimore  and  at  Spring- 
field. The  affairs  of  the  Society  are  in  good  condition,  and  the  Council 
has  no  special  business  or  recommendations  to  present.  The  following 
reports  of  the  officers  will  give  detailed  information  of  the  past  years 

administration : 

Secrbtary's  Report 

To  the  Council  of  the  Geological  Society  of  America : 

Membership. — During  the  past  year  the  Society  has  lost  four  Fellows 
by  death.  Past  President  James  D.  Dana  died  April  14,  Professor  Henry 
B.  Nason  died  January  17,  Dr  Albert  E.  Foote  died  October  10,  and  Sen* 
Antonio  del  Castillo  died  October  28. 

The  last  printed  roll  of  membership  bears  the  names  of  223  living  and 
thirteen  deceased  Fellows.  At  the  Springfield  meeting  eleven  persons 
were  elected,  and  all  but  one  have  qualified,  as  follows :  S.  P.  Baldwin, 
0.  C.  Farnngton,  G.  P.  Grimsley,  P.  P.  Gulliver,  J.  B.  Hatcher,  E.  B. 
Mathews,  J.  C.  Merriam,  F.  L.  Ransome,  Charles  Schuchert,  J.  A.  Taff. 
Six  Fellows  have  been  dropped  from  the  roll  for  non-payment  of  dues, 
and  one  resignation  has  been  accepted.  Nine  Fellows  are  now  so  in 
arrears  for  dues  that  they  are  liable  to  be  dropped  from  the  roll.  Seven 
candidates  for  Fellowship  are  before  the  Society. 

Distribution  of  Bulletin, — A  comparison  of  the  following  report  with  last 
year's  report  will  give  the  details  for  the  past  year : 

DlfiTRIBUTION  OF  BULLETIN  FROM  THE  SECRETARY'S  OFFICE  DURING   1891-1895 

Complete  Volumes 

Vol.  1.  Vol.  2.    Vol.3.      Vol.4.      Vol.  5.    Vol.6. 

In  reserve 73  318  361  (?)    364 (?)  353     109(?) 

Donated  to  institutions  ("  exchanges  **)  •  85  85  85  85  85       85 

Held  for  ** exchanges" 9  9  9            9           9         9 

Seld  to  libraries 72  73  72  69  67       70 

Sold  to  Fellows 17  14  8            5           3         1 

Sent  to  Fellows  to  supply  deficiencies. .  2  1  1       

Donated 4  4  3            2           11 

Bound  for  office  use 2  2  2            2           2         2 

Distributed  to  Fellows  in  brochures  as 
issued 209        214        214     223 

Number  of  complete  copies  re- 
ceived   264      506      750 (?)  750 (?)  734     500(?) 
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Brochures 

Vol.  1.  Vol.  2.    Vol.  3.       Vol.  4.      Vol  6.    Vol.  6. 

Sent  to  Fellows  to  supply  deficiencies. .  46  123  42  41  23         3 

Sent  to  libraries  to  supply  deficiencies.  ..  7  4  3      

Sold  to  Fellows 12  17  3  12  15         5 

S4jld  to  the  public 11  11  9  9  4          1 

Donated 3  3  3  3           2     

Stibscriptions, — The  present  number  of  regular  subscribers  to  the  Bulle- 
tin is  59,  of  whom  24  receive  the  brochures  and  35  the  completed  volumes. 
During  the  year  two  "  Exchanges  "  have  become  subscribers,  two  sub- 
scriptions have  been  suspended,  and  four  new  subscriptions  have  been 
added  to  the  list.    The  special  orders  are  included  in  the  following  table. 

BuUelin  sales. — The  receipts  from  the  sale  of  the  Bulletin  during  the 
year  amount  to  $461.50. 

RBCBIPTS  FROM  SALE  OF  BULLETIN   DURINQ   1895 

By  Sale  of  Complete  Volumes 


Prom  Fellows... 
From  librarien. 


Vol.  1. 

Vol.2. 

Vol.3. 

Vol.4. 

Vol.  5. 

Voi.e. 

Total. 

ID  00 

S4  60 

$4  00 

17  00 

$4  00 

$1  00 

S32  60 

20  00 

20  00 

25  00 

25  00 

25  00 

205  00 

380  00 

Total  for  1895 2900        24  60        2900        3200        2900      20900  412  60 

By  last  report  (1894) 38760      38450      35560      320  50      29800       3500  1,78110 

M^MB^HMi^BMBM      ^mmmai^i^^^m^     ^i^Hi^hM^H^iM      ^t^m^gm^^^^^      ViVHSW  ■■H«>V»      ^M^MiMM^^MMa     ^^m^m^^im^^am^ 

Total  to  date $416  m    $400  00  $384  50  $352  50  $327  00  $304  00  $2,103  60 

By  Sale  of  Brochures 

Vol.  I.     Vol.2.     Vol.3.    Vol.4.     Vol.6.     Vol.6.  Total. 

From  Fellows $2  45       $1  56       $0  35       $0  70       $2  75       $2  25  $10  06 

From  the  public .0  40         2  06         150    « 3  95 

Total  for  1895 2  85         3  60          185         0  70         2  75          2  25  14  00 

By  last  report  (1894) 18  06       13  00         4  00         4  85         1  15    41  05 

Total  to  date $20  90      $16  60       $5  85       $5  55       $8  90       $2  25  $55  05 


Grand  total $2,248  66 

Received  for  volume  7  in  advance 85  00 


Total  reoeipts  to  date $2,283  66 

Amount  charged  and.uncollerted 131  90 

Total  Bulletin  sales  to  date- $2,415  56 

Exchanges, — The  list  of  institutions  to  which  the  Bulletin  is  donated 
now  numbers  85,  of  whom  10  receive  brochures  and  75  the  completed 
volume.  Since  the  printing  of  this  list,  in  connection  with  the  list  of  the 
library  at  the  end  of  volume  6,  the  following  changes  have  been  made : 
Library  of  University  of  Toronto  and  Library  of  McGill  University  have 
become  subscribers ;  Engineering  and  Mining  Journal  removed  from  the 
list;  Museo  de  la  Plata,  Geographical  Society  of  Finland,  Geological 
Survey  of  Sweden,  Cincinnati  Society  of  Natural  History,  National  Geo- 
graphic Society,  and  American  Geographical  Society  added  to  the  list. 
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Library, — The  books,  pamphlets  and  maps  belonging  to  the  Society  are 
deposited  with  the  Case  Library,  Cleveland,  Ohio,  under  a  contract  which 
was  outlined  in  the  Secretary's  report  of  last  year.  The  list  of  material 
deposited  up  to  January,  1895,  is  printed  in  the  Bulletin,  volume  6, 
pp.  501-516.  The  list  of  material  deposited  during  the  present  year 
should  be  printed  in  volume  7. 

The  library  is  available  for  the  use  of  the  Fellows  under  the  following 
rules: 

1.  Fellows  are  permitted  to  draw  out  material  in  reasonable  quantity 
for  a  period  not  exceeding  two  months. 

2.  The  transportation  charges  both  ways  and  other  expenses  are  to  be 
paid  by  the  Fellow  so  borrowing. 

3.  The  Fellow  is  held  responsible  only  for  such  loss  or  damage  as  may 
occur  through  his  fault,  as,  for  example,  by  insufficient  wrapping  or  mis- 
directions. 

BXPBNDrrURJB  OF  SECRETARY'S  OFFICE  FOR  THE  SOCIETY'S  FISCAL  YEAR,  NOVEMBER  30, 

1894,  TO  NOVEMBER  30,  1895 

Accofuni  of  Administration 

Postage $36  70 

Expressage 4  77 

Stationery  and  records 4  95 

Printing,  including  stationery 105  61 

Meetings 17  50 

Library 20  88 

Total 1190  41 

Account  of  BvUetin 

Postage $91  76 

Expressage  and  freight 59  49 

Wrapping  (envelopes) 18  07 

CJoUection  of  checks 1  97 

Total I171J9 

Total  expenditure $361  70 

All  of  which  is  respectfully  submitted. 

H.  L.  Fairchild, 

Secretary. 
Rochester,  New  York,  December  21,  1895. 

Treasurer's  Report 

To  the  Council  of  the  Geological  Society  of  America : 

In  submitting  the  following  detailed  report  of  the  Society's  financial 
operations  for  the  past  year,  the  Treasurer  would  add  that  the  names  of 
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six  members  have  disappeared  from  the  roll  for  non-payment  of  dues, 
nine  others  are  delinquent  for  two  years  and  will  drop  out  January  1, 
while  twenty  are  delinquent  for  the  present  year,  and  three  members 
have  resigned ;  two  (Miss  Bascom  and  Mr  Baldwin)  have  commuted  for 
life,  and  the  proceeds  ($200),  along  with  Mr  Iddings  life  commutation  of 
last  year,  have  been  invested  in  three  bonds  of  the  Kingwood,  Tunnelton 
and  Fairchance  Railroad  Company,  bearing  6  per  cent  interest,  payable 
semi-annually.  This  makes  the  Publication  Fund  of  the  Society  $2,900, 
upon  which  it  realizes  $168  interest  annually,  in  addition  to  $100  certifi- 
cate of  deposit  in  Bank  of  Monongahela  Valley,  upon  which  interest  at 
3  per  cent  is  paid. 

BBCBIPTB 

The  receipts  from  all  sources  have  been  as  follows : 

Balance  in  the  Treasury  November  30,  1894 $462  96 

Fellowahip  fees,  1893,  2 $20  00 

"    1894,  10 100  00 

**    1895,  179 1,790  00 

"    1896,1 10  00 

1,920  00 

Initiation  fees,  15 150  00 

Life  commutations,  2 190  00 

Interest  on  investments : 

Tioga  township,  Kansas,  bonds 70  00 

Ck)smo6  Club  bonds 80  00 

Kingwood,  Tunnelton  and  Fairchance  railroad  bonds ....        12  00 

Time  deposits,  Rochester  Bank 8  06 

170  06 

Sales  of  publications : 

Deposited  with  Security  Trust  Company,  Rochester 491  50 

Aesessments,  cost  of  publication: 

On  account  of  illustrations 50  00 

On  account  of  correction  of  proofs 27  50 

77  50 

Total  receipts $3,462  02 

EXPBNDITURBS 

The  expenditures  and  disbursements  of  the  funds  of  the  So- 
ciety have  been  as  follows : 

Expenses  of  Secretary's  office : 

H.  L.  Fairchild,  Secretary $572  49 

Expenses  of  Editor's  office : 

J.  Stanley-Brown,  Editor J60  00 
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Publication  of  Bulletin : 
Printing  account : 

Judd  &  Detweiler $1,364  88 

Engraving  account : 

Mobs  Engraving  Co 10  00 

Maurice  Joyce  Eng.  Co 211  47 

$1,586  35 

Printing  account,  circulars,  etcetera : 

Rochester  Democrat  and  Chronicle 103  51 

Photf>graph  account : 

J.  S.  Diller 12  22 

Investment  account : 

3  bonds  of  Kingwood,  Tunnelton  and  Fairchance  railroad, 

$100  each,  cost 304  00 

$2,738  57 

Balance  of  cash  in  treasury  November  30, 1895 $723  45 

The  invested  funds  of  the  Society  are  as  follows : 

On  account  of  Publication  Fund : 

April  1,  1891,  one  Tioga  township,  Kansas,  bond,  cost 
$1,140.26 $1,000  00 

January  29,  1892,  eight  5  per  cent  Cosmos  Club  bonds  at 
par,  cost  $800 800  00 

February  26, 1892.  one  5  per  cent  Cosmos  Club  bond,  with 
accrued  interest,  cost  $100.35 100  00 

February  3, 1893,  seven  5  per  cent  Cosmos  Club  bonds  at 
par,  cost  $700 700  00 

May  1,  1895,  two  10-20  gold  bonds  of  Kingwood,  Tunnel- 
ton  and  Fairchance  railroad,  bearing  interest  from  Jan- 
uary 1,  1895,  cost  $204 $200  00 

September  27, 1895,  one  bond  of  Kingwood,  Tunnelton  and 
Fairchance  railroad,  with  interest  from  July  1,  1895, 

cost  $100 100  00 

$2,900  00 

November  30,  1894,  time  deposit  in  Bank  of  Monongahela  Valley, 
Morgantown,  West  Virginia 100  00 

$3,000  00 
Respectfully  submitted. 

I.  C.  White, 

Morgantown,  W.  Va.,  Decavher  18^  1895,  Treasurer. 

Editok's  Report 

To  the  Council  of  the  Geological  Society  of  America : 

The  editorial  experience  of  the  past  three  years  has  clearly  demon- 
strated that  prompt  publication  is  appreciated  and  desired  by  the  mem- 
bers of  the  Society.  In  so  far  as  possible,  there  should  be  close  adherence 
to  the  rule  that  all  the  accepted  papers  of  the  summer  meeting  be  put 
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through  the  press  before  December  30,  and  that  the  issue  of  the  accepted 
manuscripts  of  the  winter  session  be  completed  not  later  than  April  30. 
Although  this  was  practically  accomplished  in  the  case  of  volumes  5 
and  6,  it  was  at  the  expense  at  times  of  much  editorial  haste  and  effort. 
The  Editor  can  be  relieved  of  some  of  this  undesirable  hurrying  by  a 
little  more  cooperation  on  the  part  of  members  in  the  way  of  prompt 
transmittal  of  ^'  copy."  In  response  to  editorial  suggestion  it  has  become 
the  common  practice  to  furnish  neat,  typewritten  manuscripts  and  suit- 
able tables  of  contents,  thereby  greatly  facilitating  work,  promoting  ac- 
curacy, and  aiding  economy ;  and  if,  now,  the  importance  of  promptness 
can  be  fully  realized  by  those  who  contemplate  publishing  papers,  there 
will  be  little  left  to  be  desired. 

At  the  risk  of  transgressing  editorial  privilege  the  Editor  begs  leave  to 
call  attention  to  the  desirability  of  conciseness  of  statement  in  preparing 
material  for  publication  in  the  Bulletin.  Carried  away  by  commend- 
able enthusiasm  for  their  subject  and  earnestly  desiring  to  leave  no  con- 
clusion misunderstood  or  unbuttressed  by  a  wealth  of  evidence,  authors 
unintentionally  commit  the  sin  of  verboseness.  It  is  rare  to  receive  a 
manuscript  which  would  not  be  improved  by  more  or  less  condensation. 
The  most  serious  phase  of  this  is  that  it  entails  the  printing  each  year  of 
from  50  to  100  pages  of  needless  words,  with  the  resulting  exclusion  of 
authors  through  lack  of  space. 

In  addition  to  the  Proceedings  brochure,  five  papers  of  the  summer 
meeting,  several  of  which  are  unusually  long,  were  accepted  by  the  Pub- 
lication Committee.  They  will  make  in  all  about  260  printed  pages,  re- 
quiring some  14  plates  and  many  text  figures  to  illustrate  them.  They 
are  all  in  type,  with  one  exception,  and  probably  this  manuscript  will  be 
in  the  printers'  hands  before  the  close  of  the  month. 

The  cost  of  each  of  the  six  volumes  thus  far  issued  by  the  Society  is 
as  follows : 


Vol.  I. 

Vol  2. 

VoL3. 

Vol.  4. 

Vol.  6. 

Vol.  6. 

(pp.693; 
pis.  13) 

pis.  23) 

(pp.  641 ; 
pis.  10) 

(pp.468; 
pis.  10) 

(pp.666; 
pis.  21) 

(pp.628; 
pis.  27) 

Lettet-presfl.... 

..  11.473  77 

$1,992  62 

$1,636  60 

$1,286  39 

$1,887  21 

$1,341  93 

Illustrations.... 

291  85 

463  66 

383  36 

173  26 

178  40 

221  62 

$1,765  62     $2,466  17     $1,918  94     $1,469  64     $2,066  61     $1,663  66* 

It  will  be  noted  that  volume  6  is  relatively  the  cheapest  ever  issued  by 
the  Society,  in  spite  of  the  unusually  large  number  of  plates.  This  saving 
is  due  to  the  revision  of  the  printing  contract  and  the  reduction  of  the 
edition  from  780  to  530. 

Respectfully  submitted.  Joseph  Stanley-Brown, 

Washington,  D.  C,  December  20^  1895,  Editor. 


•  From  this  sum  should  be  deducted  $77.50,  being  members*  contributions  for  illustrations  and 
eorrection  charges. 
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Upon  motion  of  the  Secretary,  it  was  voted  to  lay  the  Councirs  report 
upon  the  table  until  Friday  morning. 

As  the  Auditing  Committee  to  examine  the  accounts  of  the  Treasurer 
the  Society  elected  Frank  Leverett  and  Jed  Hotchkiss. 

ELECTION  OF  OFFICERS 

• 

The  result  of  the  balloting  for  officers  for  1896,  as  canvassed  by  the 
Council,  was  announced  by  the  Secretary,  and  officers  were  declared 
elected  as  follows : 

President : 
Joseph  Le  Conte,  Berkeley,  Cal. 

Mrsi  Vice-President: 
Charles  H.  Hitchcock,  Hanover,  N.  H. 

Second  Vice-President: 
Edward  Orton,  Columbus,  0. 

Secretary : 
H.  L.  Fairchild,  Rochester,  N.  Y. 

Treasurer : 
I.  C.  White,  Morgantown,  W.  Va. 

Editor : 
J.  Stanley-Brown,  Washington,  D.  C. 

Councillors  {term  expires  1898  ^ 

B.  K.  Emerson,  Amherst,  Mass. 
J.  M.  Safford,  Nashville,  Tenn. 

ELECTION  OF  FELLOWS 

The  result  of  the  balloting  for  Fellows,  as  canvassed  by  the  Council, 
was  announced,  and  the  following  persons  were  declared  elected  Fellows 
of  the  Society : 

Harry  Foster  Bain,  M.  S.  ,  Des  Moines,  Iowa.  Assistant  Geologist  Iowa  Geological 
Survey. 

William  Kbith  Brooks,  Ph.  D.,  Baltimore,  Maryland.  Professor  of  ZoSlogy  in 
Johns  Hopkins  University. 

Charles  Rochester  Eastman,  A.  M.,  Ph.  D.,  Cambridge,  Massachusetts.  Assist-^ 
ant  in  Paleontology  in  Museum  of  Comparative  Zoology,  and  in  Harvard  Uni- 
versity. 
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Henry  Barnard  KOmmel,  A.  M.,  Ph.  D.,  Trenton,  New  Jersey.    Assistant  on  the 

State  Geological  Survey  of  New  Jersey. 
William  Harmon  Norton,  M.  A.,  Mount  Vernon,  Iowa.     Professor  of  Geology  in 

Cornell  College. 
Frank  Bursey  Taylor,  Fort  Wayne,  Indiana. 
Jay  Backus  Woodworth,  B.  S.,  Cambridge,  Massachusetts.    Instructor  in  Harvard 

University  and  Assistant  Geologist  on  U.  S.  Geological  Survey. 

The  President  then  called  for  the  reading  of  biographic  sketches  of 
Fellows  who  had  died  during  the  year.  In  the  absence  of  Professor  Le 
Conte,  the  following  memoir  of  Professor  Dana  was  read  by  H.  S. 
Williams : 

MEMOIR  OF  JAMES  D WIGHT  DANA 
BY  .lOSEPn    LB  CONTE 

In  the  death  of  Professor  Dana,  the  foremost  geologist  of  America  and 
one  of  the  foremost  in  the  world  has  been  taken  from  us.  I  am  sure 
the  Geological  Society  will*  pardon  me  if  I  introduce  this  notice  of  him 
w^ith  some  personal  reminiscences. 

The  first  meeting  of  the  American  Association  for  the  Advancement 
of  Science  that  I  ever  attended  was  the  New  Haven  meeting  in  1850. 
Professor  Dana  read  a  short  paper  "  On  the  Analogy,  in  Reproduction, 
between  the  Hydroids  and  Plants,"  showing  how  the  nutritive  individ- 
uals and  the  reproductive  individuals  of  the  one  correspond  to  the  leaf- 
individuals  and  flower-individuals  of  the  other.  His  slender,  erect  form , 
his  sharp,  clear-cut  features  and  penetrating  eyes,  his  eager  face  and  noble 
head  crowned  with  abundant  and  somewhat  disheveled  hair,  and,  above 
all,  the  combination  of  philosophic  thought  and  poetic  imagination  em- 
bodied in  the  paper,  made  an  indelible  impression  on  me — an  impression 
which  has  only  deepened  with  time.  The  leaders  in  American  science 
at  that  time  were  such  men  as  Agassiz,  Pierce,  Henry,  Bache,  William 
and  Henry  Rogers,  Gray,  and  Hall — surely  as  brilliant  a  constellation 
of  first  magnitude  stars  as  any  since  that  time.  Among  such  men 
Dana,  although  only  thirty-seven  years  old,  was  even  then  a  prominent 
figure,  for  had  he  not  already  published  his  great  work  on  mineralogy 
and  his  grand  researches  on  the  zoophytes,  the  Crustacea  and  the  geology 
of  the  United  States  Exploring  Expedition? 

I  next  saw  Dana  and  again  heard  him  at  Albany,  in  1856,  when  he 
read  his  address  as  retiring  president  of  the  Association.  In  this  address 
he  brought  forward  again  (for  he  had  already  done  so  nearly  ten  years 
earlier)  his  grand  views  on  the  development  of  the  earth  in  its  larger 
features.  May  we  not  say  that  geology  as  a  distinct  science,  having  its 
own  fundamental  idea,  namely,  that  of  the  evolution  of  the  earth  through 

LV— Bull.  Geol.  Soc.  Am.,  Vol.  7,  1895. 
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all  time,  had  its  birth  in  these  early  papers  of  Dana,  conmienoing  asfiir 
back  as  1847,  when  he  was  but  thirty-three  years  of  age.  If  with  Comle 
we  define  a  great  life  as  one  in  which  a  noble  idea  conceived  in  youth  is 
persistently  carried  out  and  perfected  to  the  end,  then  was  Dana's  indeed 
a  great  life ;  for  this,  the  fundamental  idea  of  geology,  waa  clearly  con- 
ceived by  him  in  early  life  and  elaborated  in  all  its  details  to  the  very 
end.  It  was  moreover  a  noble  idea,  for  by  it  the  science  of  geology  wad 
vitalized  into  a  higher  life.     Let  me  stop  a  moment  to  inforce  this  point. 

Those  who  are  familiar  with  Comte's  '•  Positive  Philosophy  "  will  re- 
member that  in  his  "  Hierarchy  of  the  Sciences  "  he  denies  geology  a 
place.  He  does  so  on  the  ground  that  it  is  not  an  abstract  science  at  all. 
but  is,  like  geography,  only  a  field  for  the  operation  of  all  the  sciences. 
Every  distinct  science  has  its  own  fundamental  idea  and  its  own  dis- 
tinctive method.  Thus  mathematics  has  its  own  fundamental  idea  of 
number  and  quantity  and  its  own  distinctive  method  of  notation.  Phys- 
ics and  chemistry  their  fundamental  ide^  of  mechanical  energy  and 
chemical  affinity  and  their  distinctive  method  of  experiment.  Biology 
its  characteristic  idea  of  life  and  its  distinctive  method — "  the  method 
of  comparison."  Sociology  its  characteristic  idea  of  social  organization 
and  its  distinctive  method — "  the  historic  method."  But  according  to 
Comte  geology  has  neither  characteristic  idea  nor  distinctive  method  of 
its  own.  I  have  long  ago*  shown  the  mistakes  of  Comte  in  this  regard. 
Geology  also  has  its  own  characteristic  underlying  idea  and  that  the 
grandest  of  all,  namely,  that  of  evolution  of  the  earth  through  aUtimc;  and 
its  own  distinctive  method,  the  evolution  method  or  comparison  in  the 
evolution  series.  The  idea  of  evolution  was  not  yet  clearly  grasinnl  by 
science  at  that  time,  otherwise  Comte  would  have  seen  that  his  historic 
method  is  naught  else  than  the  evolution  method  imported  from  geolc^y 
into  sociology. 

Now  this  fundamental  idea  of  geology  and  this  distinctive  method, 
although  indeed  dimly  seen  by  previous  thinkers  and  expressed  by  pre- 
vious philosophical  writers,  especially  by  Whewell  in  his  "  Philosophy 
of  the  Inductive  Sciences,"  had  not  become  a  vitalizing  idea  and  a  work- 
ing method  until  Dana.  This  was  the  underlying  idea  and  this  the 
working  method  of  all  his  work,  and  they  were  both  finally  embodied  in 
that  really  wonderful  book,  his  "  Manual  of  Geology."  I  regard  Dana's 
work  as  forming  a  distinct  and  very  important  epoch  in  the  history  of 
geological  science.  Modern  geology  has  two  important  epochs — that  of 
Lyell  by  the  introduction  of  the  study  of  *' causes  now  in  operation"  as 
the  only  sound  basis  of  induction,  and  that  of  Dana  by  the  introduction 
of  the  idea  of  the  development  of  the  earth  as  a  whole  through  all  geo- 


*  Comte's  Clasitification  of  the  Sciences,  Berkeley  Quarterly,  April,  1881. 
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logical  time.  The  idea  of  study  of  "causes  now  in  operation"  as  the 
basis  of  induction  in  geology  had  been  indeed  introduced  before  Lyell, 
especially  by  Hutton  and  Playfair,  but  Lyell  first  thoroughly  and  sys- 
tematically used  it  and  constructed  a  geological  science  upon  it.  So  also 
the  idea  of  development  of  the  earth  was  conceived  before  Dana,  but 
Dana  first  reconstructed  geological  science  on  this  basis.  As  long  as  the 
I^yellian  idea  of  geology  prevailed,  the  philosophic  classifiers  of  the 
sciences  were  justified  in  regarding  it  as  a  mere  field  for  the  application 
of  physics,  chemistry  and  biology.  Geology  became  one  of  the  great  de- 
partments of  abstract  science  with  its  own  characteristic  idea  and  its  own 
distinctive  method  under  Dana*.  This  I  know  is  putting  Dana  on  a  very 
high  pedestal,  but  I  am  quite  sure  he  deserves  that  position. 

The  history  of  his  life  has  already  been  presented  by  one  far  more 
competent  to  do  so  than  I — ^his  own  distinguished  son.  It  is  therefore 
wholly  unnecessary  to  give  any  extended  account.  Nevertheless,  for  the 
sake  of  completeness  and  for  the  information  of  those  who  have  not  seen 
the  memoir  referred  to,  I  take  from  it  the  main  points  of  his  life. 

He  was  born  at  Utica,-  New  York,  February  12,  1813,  of  intelligent 
New  England  parents,  and  died  in  New  Haven,  Connecticut,  April  14, 
1895,  having  therefore  reached  the  great  age  of  eighty- two  years  and  two 
months.  His  early  taste  for  science  was  fostered,  and  the  right  method 
in  its  pursuit — that  is,  by  direct  contact  with  nature — was  taught  him  by 
the  example  of  his  early  teachers.  In  1830  he  entered  Yale  College, 
where  his  scientific  activity  was  still  farther  stimulated  by  intimate  asso- 
ciation with  the  elder  Silliman,  then  in  the  zenith  of  liis  reputation. 
Immediately  on  completing  his  college  course  in  August,  1833,  he  entered 
on  a  voyage  of  fifteen  months  as  instructor  in  mathematics  of  the  mid- 
sbipmen  of  the  United  States  navy.  In  this  capacity  he  visited  many 
points  in  and  about  the  Mediterranean  and  took  advantage  of  this  op- 
I>ortunity  to  study  the  phenomena  of  volcanoes,  and  his  first  paper,  pub- 
lished in  Silliman's  journal  in  1835,  was  on  Vesuvius.  Thus  early  were 
his  thoughts  turned  on  interior  earth  forces.  On  returning  he  became 
an  assistant  in  chemistry  to  Silliman.  In  1838  the  United  States  Govern- 
ment sent  out  an  exploring  expedition  to  circumnavigate  the  earth.  On 
this  Dana  was  appointed  naturalist  The  fleet  of  five  ships  sailed  in 
August,  1838,  and  returned  to  New  York  in  June,  1842,  after  an  absence 
of  nearly  four  years.  The  scientific  fruits  of  this  famous  expedition  will 
be  discussed  later. 

With  the  exception  of  these  two  voyages,  Dana's  life,  like  those  of  most 
scientific  men,  was  uneventful  in  the  ordinary  sense.  His  activity  and 
his  achievements  were  almost  wholly  in  the  field  of  thought ;  but  there 
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his  activity  in  original  work  was  incessant  for  over  sixty  years.  There 
were  few  departments  of  science  that  he  did  not  touch,  and  whatever  he 
touched  he  illuminated.  An  orderly  method  of  work,  economic  of  time 
and  conservative  of  energy,  enabled  him  to  do  an  almost  incredible 
amount  in  spite  of  an  exceptionally  delicate  frame  and  precarious  health, 
which  repeated!}'  broke  down  completely  under  the  strain  of  ceaseless 
work. 

After  returning  in  1842  from  his  memorable  voyage,  with  the  exception 
of  two  years,  1842-1844,  spent  in  Washington.  D.  C,  while  preparing  hia 
reports  as  naturalist,  and  one  year,  185^1860,  in  Europe,  recruiting  his 
broken  health,  and  a  summer  vacation  in  1887  spent  in  the  Hawaiian 
islands  to  renew  his  acquaintance  with  the  volcanoes  and  observe  what 
changes  had  been  wrought  by  time — with  these  exceptions  he  lived  in 
New  Haven,  engaged  in  teaching  and  in  original  work. 

There  are  few,  very  few,  men  (and  becoming  fewer  every  year)  whose 
thoughts  ranged  so  widely  and  who  accomplished  distinguished  results 
in  so  many  directions  as  did  Dana.  He  became  the  highest  living  au- 
thority in  mineralogy,  in  several  departments  of  zoology — as,  for  example, 
Crustacea  and  zoophytes — and  more  than  all  in  geology.  Of  some  two 
hundred  and  odd  scientific  papers  contributed  by  him,  more  than  one- 
half  were  on  geology.  Not  onl}'^  in  the  three  sciences  mentioned  above 
was  he  in  the  foremost  rank,  but  in  other  sciences  also — as,  for  example, 
physics,  chemistry  and  even  mathematics — his  knowledge  was  wide  and 
exact.  As  he  grew  older,  however,  his  chief  interest  and  highest  activity 
gravitated  more  and  more  toward  geology.  This  was  the  natural  result 
of  the  wide  sweep  of  his  mind,  for  geology  is  the  most  complex  and  com- 
prehensive of  all  the  sciences.  All  other  sciences  are  tributary  to  her. 
It  was  for  this  reason  in  part  that  early  philosophers  of  science  r^arde<i 
her  as  only  an  applied  science — as  a  field  for  the  application  of  all  the 
sciences.  Dana's  wide  and  exact  knowledge  in  many  departments  fitte<l 
him  in  a  peculiar  way  and  in  an  eminent  degree  for  the  highest  achieve- 
ments in  geology.  No  mere  specialist  in  geology  could  have  done  Dana's 
work. 

Leaving  out  of  view  his  monumental  work  on  mineralogy,  for  the  rea- 
son that  others  are  more  capable  than  I  of  weighing  its  value,  there  are 
three  main  lines  of  thought,  all  suggested  by  his  observations  during  his 
four  years'  voyage,  which  occupied  his  mind  throughout  life. 

The  first  of  these  was  corals,  coral  reefs  and  coral  islands.  This  is  a 
subject  of  deepest  interest,  both  popular  and  scientific ;  popular  on  ac- 
count of  the  gorgeous  coloring  and  the  delicate  flower-like  beauty  of  the 
zoophytes  and  the  gem-like,  fairy-like  beauty  of  the  islands  formed  by 
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them — a  beauty  which  has  so  aflPected  the  imagination  of  artists  as  to  have 
given  rise  to  a  peculiar  South  Sea  literature  which  reads  like  fairy  litera- 
ture ;  it  is  of  equal  or  even  greater  scientific  interest  because  of  the  infinite 
variety  of  life-forms  crowded  together  on  the  reefs,  making  them  a  ver- 
itable zoological  garden,  the  greatest  gathering-ground  of  the  naturalist 
and  the  greatest  theater  of  the  struggle  for  life  to  be  found  anywhere  on 
earth.     But  more  than  all  to  the  geologist  are  they  of  deepest  interest  on 
account  of  the  evidence  they  afford  of  movements  of  the  crust  of  the 
earth  on  a  scale  of  grandeUr  commensurate  with  the  formation  of  those 
greatest  features  of  the  earth-surface,  continental  areas  and  oceanic  basins. 
The  subsidence  theory  of  atolls  and  barriers  powerfully  affected  the  mind 
of  Dana,  and,  although  it  originated  with  Darwin,  no  one,  not  even  Dar- 
win himself,  has  done  more  by  close  observation  and  wide  generalization 
to  establish  it  on  a  solid  foundation.     It  is  true  that  as  a  universal  theory, 
at  least  for  barriers,  it  can  no  longer  be  maintained,  having  been  dis- 
proved by  the  observations  of  Agassiz  on  the  coast  of  Florida,  but  as  a 
general  theory,  on  which  may  be  based  the  conclusions  drawn  from  it 
bv  Darwin  and  Dana,  that  the  floor  of  the  mid-Pacific  over  an  enormous 
area  is  sinking  and  had  been  sinking  for  ages,  I  believe  it  still  holds  its 
own  as  by  far  the  most  probable  theory.     Correlative  with  this  sinking 
is  the  rising  of  the  American  continents,  especially  on  their  western  side. 
The  second  line  of  thought  suggested  by  the  observations  of  his  famous 
voyage,  but  which  he  continued  to  follow  up  during  his  whole  life,  was 
the  idea  of  cephalization  or  headward  development ;  that  is,  the  increas- 
ing dominance  of  head  functions  over  other  functions,  and  therefore  the 
increasing  subordination  of  the  \vhole  structure  of  the  animal  body  to 
the  service  of  the  head  as  we  go  up  the  scale  in  any  class.     Dana  an- 
nounced this  as  a  law  of  structural  elevation  in  any  class,  or,  as  we  would 
say  now,  as  a  law  of  evolution,  and  therefore  as  a  guide  to  classification. 
He  came  upon  this  law  in  studying  the  modifications  of  the  limbs  of 
crustaceans.    He  found  that  as  we  rise  in  the  scale  more  and  more  of 
the  appendages  are  released  from  the  function  of  locomotion  to  be  de- 
voted to  the  service  of  the  head.     He  afterwards  applied  it  to  other 
classes  of  animals.     Like  all  great  thoughts,  its  fertility  is  inexhaustible 
and  its  application  boundless.     It  might  be  generalized  as  a  gradually 
increasing  dominance  of  the  higher  over  the  lower  and  of  the  highest 
over  all.     In  this  form  the  law  is  universal.    To  give  one  illustration  of 
my  own:  In  passing  from  the  lowest  protozoan  to  man,  among  the  many 
systems  of  organs  which  are  successively  differentiated  there  is  an  in- 
creasing dominance  of  the  highast  system,  namely,  the  nervous  system. 
Then  in  the  nervous  system  an  increasing  dominance  of  the  highest  part, 
that  is  the  brain.     In  the  brain  an  increasing  dominance  of  the  highest 
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ganglion — the  cerebrum.  In  the  cerebrum  of  the  highest  part,  namely, 
the  external  gray  matter  as  shown  by  the  number  and  depth  of  the  con- 
volutions. Then  among  the  convolutions  an  increasing  proportion  in 
the  highest  lobe  of  the  cerebrum — the  frontal  lobe  as  marked  off  by  the 
fissure  of  Roland.  I  need  hardly  say  that  the  same  law  prevails  also  in 
the  evolution  of  the  individual,  l)oth  physical  and  psychical.  As  there 
is  an  increasing  dominance  of  mind  over  body,  so  in  the  mind  there  is 
an  increasing  dominance  of  reflective  over  the  perceptive  faculties,  and 
finally  of  the  moral  faculties  over  all.  The  same  is  true  of  social  evolu- 
tion. In  all  and  everywhere  we  find  the  same  law  of  cephalization. 
Everywhere — in  physical,  psychical  and  social  evolution ;  in  education, 
in  intellectual  and  moral  culture,  and  in  civilization — we  find  an  increas- 
ing dominance  of  the  higher  over  the  lower  and  of  the  highest  over  all. 
I  do  not  follow  up  this  thought  only  because  I  do  not  know  that  Dana 
himself  did  so.  In  a  singular  degree  he  united  boldness  of  thought  with 
extreme  cautiousness  in  method. 

• 

The  third  line  of  thought  suggested  to  his  mind  by  his  famous  voyage 
was  that  of  volcanism.  Early  in  life,  during  his  Mediterranean  voyage, 
he  became  interested  in  this  subject,  as  shown  by  his  paper  on  Vesuvius, 
the  first  he  ever  published,  but  his  interest  was  greatly  quickened  and 
broadened  by  the  study  of  volcanic  phenomena  in  the  south  seas, 
especially  in  the  Hawaiian  islands.  In  accordance  with  the  abounding 
fertility  of  his  thought,  he  now  no  longer  confined  himself  to  simple  local 
volcanism,  but  connected  this  with  all  other  forms  of  igneous  ageney, 
and  especially  with  those  grander  movements  of  the  earth  crust  which 
determine  the  greater  features  of  the  earth's  surface.  These  raov^ncnts, 
though  so  slow  and  inconspicuous  as  to  be  unperceived  except  by  the 
ever  watchful  eye  of  science,  yet,  extending  over  wide  areas  and  acting 
through  inconceivable  time,  their  accumulated  effects  far  surpass  all 
other  forms.  Indeed  volcanic  eruptions  and  earthquake  shocks  are  but 
occasional  accidents  in  the  slow  march  of  these  grander  movements. 

Thus  it  is  in  all  things,  the  really  most  potent  causes  are  slqw  in  opera- 
tion and  inconspicuous  in  their  effects  and  are  therefore  recognized  only 
by  the  scientific  thinker.  For  example,  railroad  accidents  and  steam- 
boat disasters,  plague  and  pestilence,  strike  the  popular  imagination  and 
fill  the  mind  with  horror,  while  the  slower  but  constantly  acting  effect** 
of  dyspepsia  and  consumption,  which  destroy  their  thousands  for  one 
carried  off  by  the  more  catastrophic  way,  hardly  attract  attention  enough 
to  enforce  their  remedy  by  improved  sanitary  conditions.  Similarly 
wars  and  revolutions  strike  the  popular  imagination  and  fill  the  pages  of 
history,  while  the  slow  approaches  of  political  corruption  and  decay  of 
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truthfulness  which  poison- the  lifeblood  and  sap  the  vitality  of  nations 
are  hardly  regarded.  Even  so  volcanoes  and  earthquakes  strike  the 
imagination  and  fill  the  pages  of  geohi^^ical  literature,  while  the  slowly 
accumulating  and  far  grander  effects  of  crust  oscillations  hardly  arrest 
attention ;  and  yet  it  is  by  these  alone  that  continents  and  ocean  basins 
have  been  gradually  formed. 

Now  it  Was  just  these  slowly  acting  causes  and  these  grander  effects 
that  took  strongest  hold  on  Dana's  mind.  Igneous  agencies  became  for 
him  the  interior  vital  forces  of  the  earth,  which,  reacting  on  the  exterior 
crust,  produced  the  greater  features,  and  by  their  eternal  conflict  with 
external,  sun-derived,  sculpturing  forces  determine  the  evolution  of  the 
earth  as  a  whole. 

The  mention  of  this  line  of  his  thought  introduces  us  naturally  to  the 
next  head,  and  that  the  one  which  most  deex)ly  interests  this  Society, 
namely,  Dana  as  a  geologist. 

Professor  H.  S.  Williams  has  already  given  an  admirable  account  of 
this  in  the  Journal  of  Geology  for  September,  1895.  I  am  indebted  to 
him  for  much  that  follows.  For  other  details  I  would  refer  the  reader 
to  that  article. 

As  already  said,  the  idea  underlying  all  Dana's  geological  work  is  that 
of  development  of  the  earth  as  a  unit.  Before  Dana,  geology  was  doubt- 
less in  some  sense  a  history — that  is,  a  chronicle  of  interesting  events;  but 
with  Dana  it  became  much  more,  it  became  a  philosophic  history,  a  life 
history,  a  history  of  the  evolution  of  the  earth,  and  of  the  organic  king- 
dom in  connection  with  one  another.  For  the  first  time  there  >vas  recog- 
nized a  time-cosmos  governed  by  law  as  the  true  field  of  geology,  as  the 
space-cosmos  governed  by  law  is  the  field  of  astronomy.  Before  Dana, 
geology  was  the  study  of  a  succession  of  formations ;  with  Dana  it  was 
the  study  of  a  succession  of  eras,  periods,  epochs  during  which  geographic 
forms  and  organic  forms  were  both  developing  toward  a  definite  goal. 
The  underlying  idea  of  his  geological  work,  I  repeat,  was  the  evolution 
of  the  earth  as  a  whole. 

It  is  necessary  to  stop  a  moment  here  to  qualify  and  explain.  It  is 
true  that  he  made  a  difference  between  the  evolution  of  the  earth  and 
that  of  the  organic  kingdom.  It  is  true  that  while  the  development  of 
the  earth  was  regarded  by  him  as  a  natural  process  and  determined  by 
natural  causes,  and  therefore  a  true  evolution,  at  first  and  for  a  long  time 
he  regarded  the  progress  of  .the  organic  kingdom  as  belonging  to  a  dif- 
ferent category,  as  not  an  evolution  in  the  true  sense  of  the  word — that 
is,  not  as  a  wholly  natural  process  determined  by  natural  forces  residing 
in  the  thing  evolving.     Like  Agassiz,  he  preferred  to  liken  the  develop- 
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inent  of  the  orj^anic  kingdom  to  the  building  of  a  temple  under  the  intel- 
ligent plans  of  an  architect  outside  of  the  work  and  acting,  as  it  were,  on 
foreign  material,  rather  than  to  an  egg  evolving  under  its  own  resident 
forces.  He  could  not  at  first  see  that  natural  processes  are  really  divine 
processes,  and  natural  forces  are  forms  of  the  divine  energy  resident  in 
nature ;  yet  it  is  plain  to  see  now  that  his  mind  was  so  saturated  with 
the  idea  of  evolution  and  his*  mode  of  thought  so  determined  by  evolu- 
tion methods  that  he  was  bound  by  philosophic  consistency  to  reach 
eventually  a  true  evolution  point  of  view  in  the  case  of  the  organic  king- 
dom as  well  as  in  that  of  the  earth. 

Let  me,  however,  in  passing  do  justice  to  Agassiz,  for  in  doing  so  I  «lo 
justice  also  to  Dana  for  embracing  his  views. 

There  can  be  no  doubt  that  Agassiz  prepared  the  way  for  the  theory  of 
evolution  of  the  organic  kingdom,  and  even  laid  its  whole  foundation,  in 
the  three  great  laws  of  succession  of  organic  forms  on  the  earth.  These 
are :  (1)  The  Ifiw  of  differentiation  of  specialized  from  generalized  forms. 
These  early  generalized  forms  he  called  synthetic  types,  combining  types, 
prophetic  types.  (2)  The  law  of  successive  ciUmination  of  higher  and 
higher  dominant  classes.  This  was  embodied  in  his  idea  of  successive 
reigns.  (3)  The  law  of  progress  of  the  wAofe,  though  not  necessarily  of  all 
the  parts.  These  three  laws  of  succession  of  organic  forms  are  literally 
the  formal  laws  of  phylogeny  and  therefore  of  evolution.  It  only  re- 
mained to  reduce  these  formal  laws  of  succession  to  a  natural  process. 
This  Darwin  did.  Upon  no  other  foundation  could  a  solid  structure  have 
been  raised.    Without  Agassiz,  Darwin  could  not  have  been. 

Now,  Dana  cordially  adopted  Agassiz's  view  of  the  development  of 
the  organic  kingdom.  By  its  grandeur  and  comprehensiveness  it  both 
captivated  his  mind  and  satisfied  his  religious  nature,  but  in  his  own 
peculiar  field,  namely,  that  of  development  of  earth -features,  he  always 
spoke  only  of  natural  proce.-jses  and  natural  causes.  Agassiz's  strong 
and  dominating  nature  never  yielded  to  the  new  doctrine.  Even  if  he 
had  lived  to  Dana's  age,  it  is  probable  he  would  never  have  adopted  the 
modern  acceptation  of  evolution.  Dana's  more  gentle  and  plastic  nature 
could  not  thus  set  in  unchangeable  form.  His  open  receptiveness  oi 
mind  could  not  close  itself  to  truth,  even  though  it  catne  from  unex- 
pected quarters  and  in  unwelcome  guise.  He  finally  came  to  see  that 
the  grandeur  of  Agassiz's  views  was  not  lessened  by  admitting  a  natural 
process.  In  his  latest  utterances  he  cordially  accepted  evolution  in  itt? 
modern  sense  and  as  applied  to  the  organic  kingdom  as  not  only  the 
truest,  but  also  the  noblest  view  of  the  process  of  development.  But 
while  he  held  firmly  and  expressed  clearly  this  idea  of  evolution  of  the 
whole  earth  through  all  time,  yet  he  recognized  the  impossibility,  in  the 
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present  state  of  geological  knowledge,  of  carrying  it  out  in  detail  in  every 
part  of  the  earth.  He  therefore  conceived  the  idea  of  taking  one  best 
known  and  simplest  continent  as  a  type.  He  regarded  the  North  Ameri- 
can as  such  a  type-continent  and  its  evolution  as  an  epitome  of  geological 
history.  Undoubtedly  in  this  he  was  right  In  the  simplicity  of  its  form 
and  structure  and  especially  in  the  unity  of  its  development  it  certainly 
deserves  to  be  so  regarded.  To  show  this  unity  of  development  .has  been 
the  main  object  of  his  geological  work.  As  early  as  1856  he  compared 
the  evolution  of  the  American  continent  to  the  development  of  an  egg. 
From  this  point  of  view  (to  carry  out  the  idea)  the  Canadian  Archean 
area  may  be  compared  to  the  germinal  disc,  about  which  gathered  and 
organized  itself  the  whole  continent.  This  idea  of  an  organic  develop- 
ment of  the  continent  he  worked  out  in  all  its  details.  Whether  we  ac- 
cept all  these  details  or  not,  the  idea  lias  become  the  working  theory  not 
only  for  American  geologists,  but  for  geologists  everywhere.  There  can 
be  no  doubt  that  Dana's  ideas  and  Dana's  work,  especially  as  systemat- 
ically embodied  in  his  Manual,  constitutes  a  distinct  epoch  in  the  history 
of  geological  science. 

Nor  did  he  stop  with  the  formal  laws  of  this  development.  His  active 
mind  could  not  rest  short  of  inquiries  into  the  causes  of  these  laws ;  and 
for  this  inquiry  his  accurate  knowledge  of  physics  and  chemistry  ad- 
mirably fitted  him.  A  very  brief  outline  of  his  views  may  be  stated  as 
follows : 

1.  In  the  secular  cooling  of  the  earth  from  primal  incandescent  liquid 
condition  the  continents  mark  the  places  of  earliest  crust-cooling  and 
consolidation — probably  because  they  were  the  places  of  least  conduc- 
tivity and  therefore  of  least  transference  of  heat  from  within — while  con- 
trarily  the  future  ocean  basins  were  determined  by  the  places  of  greatest 
conductivity  and  therefore  of  most  rapid  cooling  all  the  way  down  to  the 
center,  and  therefore  also  of  most  rapid  radial  contraction.  But  for  that 
very  reason  the  crusting  in  these  places  was  later,  the  surface  being  kept 
hot  by  conduction  of  heat  from  below. 

2.  The  more  rapid  contraction  in  a  radial  direction — ^that  is,  sinking 
of  the  ocean  bottoms — not  only  caused  water  to  accumulate  there,  but 
by  straightening  the  curve  of  the  earth-crust  pressed  against  the  conti- 
nents on  each  side,  pushing  up  their  edges  and  crumpling  them  into 
coast  ranges,  and  thus  determining  the  typical  form  of  continents,  viz., 
that  of  interior  continental  basins  with  coast-range  rims.  He  worked 
out  th^  whole  theory  of  mountain-range  formation  from  this  point  of 
view ;  and  if  American  geologists  have  been  especially  active  and  suc- 
cessful in  developing  the  theory  of  the  formation  of  mountain  ranges,  it 
is  because  Dana  led  the  way.     It  is  easy  to  see,  therefore,  why  he  was  so 

LVI— Bull.  Gcou  9oc.  Ax.,  Vol.  7,  1()95. 
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intensely  interested  in  the  sinking  of  the  mid-Pacific  bottom,  ns  indicated 
by  the  coral  reefs.  This  sinking  had  its  correlative  in  the  elevation  of 
the  western  side  of  the  American  continents,  north  and  south,  and  espe- 
cially in  the  ridging  up  of  their  margins  into  the  great  mountains  on 
that  side. 

In  the  above  statements  (I  and  2)  I  believe  I  have  given  substantially 
Dana's  views,  although  perhaps  modified  a  little  by  suggestions  of  my 
own  mind ;  but  we  go  on. 

3.  It  is  evident  that  from  this  general  point  of  view  the  same  causes 
which  originated  continents  and  ocean  basins,  by  continuing  to  act,  would 
increase  the  size  and  height  of  the  former  and  the  depth  of  the  latter,  and 
therefore  the  places  of  continents  and  oceans  must  have  remained  sub- 
stantially the  same.  Dana,  therefore,  was  the  originator  of  the  idea  of 
the  substantial  permanence  of  the  places  of  these  greatest  inequalities  of 
the  earth's  surface.  The  previous  school,  which  may  be  called  the  school 
of  Lyell,  took  an  entirely  different  view.  The  gradual  evolution  of  the 
earth  as  a  unit  and  of  the  organic  kingdom  as  a  whole  was  imperfectly, 
if  at  all,  conceived  by  the  Lyellian  school,  for  Darwin  was  not  yet.  Fos- 
sils were  "  medals  of  creation  " — means  of  determining  strata — the  oscil- 
lations o^  the  earth's  crust  were  irregular  and  without  law  or  goal ;  the 
continents  and  the  oceans  had  changed  places  many  times  in  the  history 
of  the  earth.  For  Dana,  on  the  contrary,  earth-forms  have  steadily  de- 
veloped toward  their  present  condition.  The  idea  of  evolution  was  clearly 
conceived  and  applied  to  the  earth  (though  not  to  the  organic  kingdom) 
by  Dana  long  before  Darwin's  time. 

Doubtless  this  idea  of  permanence  of  earth-forms  may  be  pressed  too 
far,  but  was  never  so  pressed  by  Dana.  For  him  it  was  not  absolute 
rigid  permanence,  for  that  would  be  contrary  to  the  idea  of  evolution ; 
for  him  it  was  permanence  of  thought,  of  plan,  but  carried  out  by  devel- 
opment, and  therefore  with  many  changes  in  detail.  There  have  doubt- 
less been  many  oscillations  of  the  earth's  crust,  many  submergences  and 
emergences  of  land  surfaces,  especially  on  the  margins,  though  sometimes 
of  greater  extent  and  affecting  also  the  interior  of  continents,  oscillations 
the  causes  of  which  we  do  not  yet  understand,  but  with  these  qualifica- 
tions and  limitations  the  principle  is  now  well  established  and  generally 
accepted. 

4.  As  a  necessary  consequence  of  steady  contraction  resisted  by  crust 
rigidity,  there  must  have  been  paroxysms  of  yielding  and  therefore 
periods  of  readjustments  of  the  crust  to  new  positions,  and  therefore  also 
extensive  changes  of  physical  geograi)hy  and  corresponding  changes  in 
organic  forms.  These  times  Dana  appropriately  called  revolutions.  They 
are  marked  by  the  formation  of  great  mountain-ranges.     The  greatest  of 


MEMOIR   OF  JAMES   D.   DANA.  471 

these,  and  the  one  that  Dana  first  announced,  was  the  "Appalachian 
revolution,"  which  occurred  at  the  end  of  the  Paleozoic.  Other  revolu- 
tions have  been  brought  out  by  Dana  and  by  others.  The  idea  has  been 
a  most  important  and  fertile  one  in  American  geology. 

5,  Again,  it  is  almost  a  necessary  corollary  from  the  preceding  view 
of  the  origin  of  continents  and  ocean  basins  by  unequal  radial  contrac- 
tion, that  the  sub-ocean  crust  would  be  denser  in  proportion  as  it  has 
contracted  more  and  the  radii  shorter,  and  the  continental  masses  lighter 
in  proportion  as  they  have  contracted  less,  and  their  radii  longer;  there- 
fore, also,  the  continental  masses  and  the  sub-oceanic  material  are  in 
isostatic  equilibrium.  This  idea  was  originated  later  by  Dutton,  but  is 
a  necessary  result  of  Dana's  views. 

I  have  dwelt  on  this  idea  of  the  development  of  the  earth  as  a  unit 
because  it  is  the  grandest  and  most  original  of  Dana's  ideas  and  that  on 
which  his  claims  to  greatness  must  mainly  rest ;  but  there  are  also  other 
ideas  which,  if  they  did  not  originate  with  him,  were  worked  out  by  him 
with  untiring  energy  and  consummate  skill.  The  most  important  among 
these,  perhaps,  is  that  of  the  continental  ice-sheet. 

We  have  already  spoken  of  the  effect  of  Agassiz's  development-views 
on  Dana.  The  fact  is,  there  was  much  in  common  in  the  character  of  the 
minds  of  the  two  men.  Both  were  in  a  marked  degree  men  of  advanced 
thought  and  spirit.  If  Agassiz  had  the  advantage  of  intenser  enthusiasm 
and  perhaps  greater  genius,  Dana  had  the  advantage  of  wider  knowledge 
of  science  in  many  departments  and  more  systematic  and  orderly  methods 
of  work.  When  Agassiz  first  brought  out  his  views  of  the  ice-sheet  origin 
of  the  drift,  nearly  all  geologists,  and  indeed  scientific  men  generally, 
regarded  them  as  in  the  last  degree  chimerical.  Humboldt  wrote  imme- 
diately entreating  him  as  he  valued  his  reputation  to  reconsider  his 
extravagant  views.  Dana,  on  the  contrary,  at  once  embraced  them  with 
ardor.  Now  that  the  contest  has  ceased  and  Agassiz's  views,  pruned  of 
some  of  their  extravagant  features,  have  triumphed,  on  looking  back  over 
the  ground  the  important  part  that  Dana  played  in  this  controversy  is 
evident.  Many  others  have  contributed  largely  to  the  establishing  of 
the  fact  of  the  existence  of  a  North  American  ice-sheet  and  determining 
its  limits,  chief  among  whom  must  be  mentioned  Chamberlin,  Upham, 
Hitchcock,  Lewis,  Wright,  and  others ;  but  Dana  was  their  leader,  not 
only  in  first  embracing  the  idea,  but  in  abundant,  painstaking,  detail  work 
on  the  phenomena  in  New  England. 

If  time  permitted  we  might  take  up  many  other  subjects  which  he 
touched  only  to  illuminate,  subjects  which  in  his  mode  of  handling  showed 
that  rare  combination  of  original  thought  and  painstaking,  detailed  work 
which  characterized  him  in  so  remarkable  a  degree.     We  can  barely 
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allude  to  his  work  on  the  vexed  '*  Taconic  question  "  which  he,  assistwi 
by  Walcott  and  others,  contributed  so  largely  to  clear  up ;  also  to  his 
work  on  the  difficult  question  of  metamorphism,  to  which  he  devoted 
much  thought  and  careful  work  in  the  field. 

There  has  been  very  much  talked  and  written  lately  on  the  subject  of 
endowment  of  research.  I  strongly  sympathize  with  this  movement  1 
hope  the  subject  will  continue  to.be  agitated.  We  cannot  have  tiw 
much  of  endowment  of  research ;  but  it  is  of  the  greatest  importance  that 
we  should  not  push  this  idea  to  the  extreme,  as  some  do.  of  divorcing 
teaching  and  research.  There  can  be  no  doubt  that  a  teacher  is  all  the 
better  teacher  for  being  an  investigator.  I  suppose  all  will  admit  this, 
but  it  is  no  less  true  that  an  investigator  is  all  the  better  investigator  for 
being  also  a  teacher,  always  provided  ample  time  is  given  him  for  in- 
vestigation. There  never  was  a  better  illustration  of  this  than  the  case 
of  Dana.  The  equality  of  action  and  reaction  is  a  law  of  psychics  as 
well  as  of  physics.  Verily  our  pupils  and  even  our  children  teach  us  as 
much  as  we  teach  them.  Nothing  so  stimulates  the  intellectual  activity 
as  the  cooperative  work  of  a  community  of  interested  learners  and 
workers.  Nothing  so  clarifies  the  thoughts  as  the  earnest  attempt  to 
express  them  clearly  to  pupils  eager  to  learn,  yet  prompt  to  criticise,  and, 
best  of  all,  nothing  so  systematizes,  organizes,  unifies  our  knowledge  on 
any  subject  as  does  its  conscientious,  year-by-year  presentation  to  an  in- 
telligent class.  Thus  and  thus  only  is  it  possible  to  make  a  solid  organ- 
ized body  of  knowledge  which  shall  form  a*  nucleus  about  which,  by 
attraction  and  accretion,  must  gather  additions  from  all  sources.  Dana 
could  never  have  written  such  a  book  as  his  Manual  had  he  not  been  a 
life-long  teacher. 

Now,  just  such  a  solid  body  of  systematic  knowledge  is  necessary  as  a 
basis  of  productive  original  work  not  only  in  the  systematizer  himself, 
but  in  all  other  workers.  Not  0!ily  was  Dana's  Manual  the  result  of  his 
teaching,  but  the  solid  body  of  organized  geological  knowledge  contained 
therein  formed  the  basis  on  which  all  American  geologists,  including 
Dana  himself,  founded  their  original  work.  Just  such  a  solid  founda- 
tion is  necessary  as  a  basis  on  which  the  successive  stories  of  the  com- 
plex structure  of  geological  knowledge  must  be  built. 

I  repeat,  then,  that  teaching  and  research  are  closely  allied  by  the  neces- 
sities of  each  and  by  the  structure  and  laws  of  activity  of  the  human  mind. 
What  God  and  nature  have  joined  together  let  no  man  put  asunder.  Let 
me  not  be  misunderstood.  I  strongly  advocate  the  endowment  of  re- 
search not  only  in  connection  with  teaching,  but  also  separately.  Many 
kinds  of  work  of  the  most  important  kind  can  only  be  undertaken  by 
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the  government.  Such,  for  example,  as  exploring  expeditions,  like  the 
voyage  of  the  Beagle  and  the  memorable  researches  of  Darwin,  the  United 
States  exploring  expedition  and  the  no  less  memorable  researches  of 
Dana,  and  the  later  expeditions  of  the  Porcupine,  the  Challenger,  the  Blnke, 
and  the  Albatross,  with  their  brilliant  results.  In  the  same  category,  also, 
would  come  great  government  institutions  like  the  Smithsonian,  the 
National  Museum,  and  the  scientific  bureaus  like  the  United  States 
Geological  Survey,  with  their  army  of  workers.  Doubtless  investij^ations 
may  thus  be  carried  out  on  a  scale  impossible  for  universities.  Doubt- 
less many  kinds  of  work  could  not  be  undertaken  in  any  other  way. 
Doubtless  many  investigations  may  thus  be  pushed  along  certain  lines 
much  farther  than  in  any  other  way  ;  but  even  in  these  there  is  no  com- 
plete divorce  of  research  from  teaching.  Even  here  the  same  law  of 
action  and  reaction  must  prevail.  Productive  work  is  always  conditioned 
on  and  proportioned  to  the  communication  of  results ;  receiving  is  condi- 
tioned on  and  in  proportion  to  giving,  only  in  this  case  the  giving  is 
indirect — that  is,  by  publication,  instead  of  direct  and  personal  contact. 
But  no  one,  I  think,  will  deny  the  more  stimulating  effect  of  the  direct, 
personal  relation  of  the  teacher  and  the  taught.  Real  effective  teaching 
is  largely  the  result  of  personal  magnetism.  The  communication  of 
scientific  spirit  and  scientific  enthusiasm,  the  contagion  of  noble  thought 
and  high  purpose,  is  even  more  important  than  the  actual  information 
imparted.  That  Dana  was  a  great  teacher  in  this  higher  sense  cannot  be 
doubted  by  any  one  who  knew  his  clearness  of  thought  and  statement, 
his  boundless  scientific  enthusiasm,  and  his  sincere  love  of  earnest  young 
learners.* 

It  is  impossible,  however,  even  if  it  were  desirable,  to  separate  the 
teacher  from  the  man,  for  surely  the  man  himself  teaches  more  and  better 
than  all  his  words.  It  does  not  become  me  to  speak  at  any  length  on 
this  subject.  I  dare  not  enter  the  inner  sanctuary  of  home  and  home 
relations,  but  what  he  was  there  is  easily  seen  by  traits  of  character  which 
were  patent  to  all.  No  one  could  be  in  his  company,  much  less  sit  under 
his  tuition,  without  being  impressed  and  charmed  with  his  simple  earn- 
estness of  character,  his  ardent  love  of  truth  for  its  own  sake,  and  there- 
fore the  perfect  truthfulness  of  his  innermost  nature  In  all  his  writings 
there  appear  an  open  receptiveness  of  mind,  a  perfect  justness  of  judg- 
ment concerning  the  work  of  others,  wholly  unconditioned  by  self,  and 
a  perfect  willingness  to  modify  his  own  views  or  even  to  correct  an  error. 
A  notable  example  of  this  is  found  in  his  final  acceptance  of  evolution  in 


*For  fuller  illiistrationB  of  this  the  reader  in  referred  to  an  article  by  Farringtoa.    .Jour,  of 
Geology,  vol.  3, 1896,  p.  335. 
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its  full  meaning— that  is,  the  "  origin  of  organic  forms  by  descent  with 
modifications  " — as  the  only  complete  explanation  of  the  phenomena  of 
geological  succession,  and  therefore  as  the  mode  of  operation  of  the  divine 
energy  in  the  process  of  creation. 

Our  master  in  geology  is  taken  from  us.     Let  us  hope  that  if  his  full 
mantle  may  not  fall  on  any  one,  it  may  at  least  be  parted  among  us. 
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Homoeomorphism  of  some  mineral  species:  Ibid.,  vol.  xvii,  pp.  430-434. 
The  homteomorphism  of  mineral  species  of  the  trimetric  system:  Ibid.,  vol.  xviii, 

pp.  35-54. 
Supplements  to  the  system  of  mineralogy:  Ibid.,  vol.  xix,  pp.  353-371 ;  vol.  xxi, 

pp.  192-213;  vol.  xxii,  pp.  246-263,  1^55-1856. 
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Address  before  the  American  Association  for  the  Advancement  of  Science  on  re- 
tiring from  the  duties  of  president:  Proc.  Anier.  A8»oc.  Adv.  Sei,  /or  18&5, 1856, 

pp.  1-36. 
Volcanic  action  at  Mauna  Loa:  Amer.  Jour.  Scl.  (2),  vol.  xxi,  1856,  pp.  241-244. 
American  geological  history:  Ibid.^  vol.  xxii,  pp.  305-334. 
The  plan  of  development  in  the  geological  history  of  North  America:  i&id,  pp. 

335-349. 
Manual  of  mineralogy :  2d  edition,  455  pp.,  12mo.,  1857,  New  Haven. 
Fourth  supplement  to  the  mineralogy :  Amer.  Jour.  ScL  (2),  vol.  xxiv,  1857,  pp. 

107-132. 
Review  of  Dr  Kane's  Arctic  explorations:  Ihid.f  pp.  235-251. 
Fifth  supplement  to  the  mineralogy:  Ibid.f  vol.  xxv,  1858,  pp.  396-416. 
Review  of  Marcou's  Geology  of  North  America:  IbUL,  vol.  xxvi,  1858,  pp.  323-333. 
Sixth  supplement  to  tiie  mineralogy:  JWrf.,  pp.  345-364. 
Eruption  of  Mauna  Loa,  Hawaii:  Ibid.  (2),  vol.  xxvii,  1859,  pp.  410-415. 
Seventh  supplement  to  the  mineralogy:  Ibid.  (2),  vol.  xxviii,  1859,  pp.  128-144. 
Manual  of  geology ;  treating  of  the  principles  of  the  science  with  special  referen*^ 

to  American  geological  history ;  for  the  use  of  colleges,  academies  and  schools 

of  science:  Philadelphia  and  London,  small  8vo,  1862,  812  pp. 
The  existence  of  a  Mohawk-valley  glacier:  Amer.  Jour.  JSd.  (2),  vol.  xxxv,  18<v». 

pp.  243-249. 
On  the  Appalachians  and  Rocky  mountains  as  time- boundaries  in  geological  his- 
tory: Ibid.,  vol.  xxxvi,  1863,  pp.  227-233. 
A  text-book  of  geology ;  designed  for  schools  and  academies:  Philadelphia,  12mo, 

1864,  356  pp. 
Fossil  insects  from  the  Carboniferous  formation  in  Illinois:  Amer.  Jour.  Set.  {2). 

vol.  xxxvii,  1864,  pp.  34,  35. 
The  crystallization  of  brushite:  Ibid.,  vol.  xxxix,  1865,  pp.  45,  46. 
Origin  of  prairies:  Ibid.,  vol.  xl,  1865,  pp.  293-304. 
Observations  on  the  origin  of  some  of  the  earth's  features:  Ibid.,  vol.  xlii,  1866,  pp. 

2a5-2ll;  pp.  252,  253. 
Crj'stallogenic  and  crystal lographic  contributions:  Ibid.,  vol.  xliv,  1867,  pp.  S9-9-'>; 

pp.  252-263 ;  pp.  398-409. 
Mineralogiciil  nomenclature:  Ibid.,  pp.  145-151. 
A  system  of  mineralogy  :  Descriptive  mineralogy,  aided  by  George  Jarvis  Brusli. 

827  pp,  8vo.,  1868,  New  York. 
Recent  eruption  of  Mauna  Loa  and  Kilauea,  Hawaii :  Amer.  Jour.Sci.  (2),  vol.  xhi, 

1868,  pp.  105-123. 
The  geology  of  the  New  Haven  region,  with  special  reference  to  the  origin  of  its 

topographical  features:    Tram.  Conn.  Acad.  Arts  and  ScL,  vol.  ii,  1870,  pp. 

45-112. 
On  the  Quaternary  or  post-Tertiary  of  the  New  Haven  region:  Amer.  Jour.  Sei.  (3), 

vol.  i,  1871,  pp.  1-5;  pp.  125,  126. 
On  the  supposed  legs  of  a  trilobite,  Asnphua  platycephalus :  Ibid.,  pp.  320,  321. 
The  Connecticut  River  Valley  glacier  and  other  examples  of  glacier  movementalong 

the  valleys  of  New  England:  Ibid.,  vol.  ii,  pp.  23^^-243. 
The  position  and  height  of  the  elevated  plateau  in  which  the  glacier  of  New  Engisiul, 

in  the  Glacial  era,  had  its  origin :  Ibid.,  pp.  324-330. 
Corals  and  coral  islands :  New  York,  large  8vo,  1872,  398  pp. 
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Notice  of  the  address  of  Professor  T.  Sterry  Hunt  before  the  American  Association 

at  Indianapolis:   Amer,  Jour.  ScL  (3),  vol.  iii,  pp.  86-93;  vol.  iv,  1872,  pp. 

97-105. 
What  is  true  Taconic?  American  NaturalUtf  vol.  vi,  pp.  197-199;  Amer,  Jour.  Sci. 

(3),  vol.  3,  pp.  468-470. 
Green  Mountain  geology :  On  the  quartzite :  Amer*  Jour.  Sci  (3),  vol.  3,  pp.  179-186 ; 

pp.  250-256. 
On  the  oceanic  coral  island  subsidence:  Ibid.,  vol.  iv,  1872,  pp.  31-37. 
On  the  quartzite,  limestone  and  associated  rocks  of  the  vicinity  of  Great  Barrington, 

Berkshire  county,  Massachusetts:  Ibid.,  1872-1873,  pp.  362-370;  pp.  450-453; 

vol.  v,  pp.  47-5,3;  pp.  84-91;  vol.  vi,  pp.  257-278. 
The  Glacial  and  Ghamplain  eras  in  New  Egland :  Ibid.,  vol.  v.  1873,  pp.  198-211. 
Results  of  tlie  earth's  contraction  from  cooling,  including  a  discussion  of  the  origin 

of  mountains,  and  the  nature  of  the  earth's  interior :  Ibid.,  1873,  pp.  423-443 ; 

vol.  vi,  pp.  6-14;  pp.  104-115;  pp.  161-172. 
On  the  rocks  of  the  Helderberg  era,  in  the  valley  of  the  Connecticut :  Ibid.,  vol . 

vi,  1873,  pp.  339-352. 
Manual  of  geology :  2d  edition,  911  pp.,  8vo,  1874,  New  York. 
Text-book  of  geology:  2d  edition,  358  pp.,  8vo,  1874,  New  York  and  Chicago. 
Changes  in  subdivisions  of  geological  time:  Amer.  Jour.  Sci.  (3),  vol.  viii,  1874,  pp. 

213-216. 
On  serpentine  pseudomorphs  and  other  kinds  from  the  Tilly  Foster  iron  mine. 

Putnam  county.  New  York :  Ibid.,  pp.  371-381 ;  pp.  447-459. 
The  geological  story  briefly  told,  an  introduction  to  geology  for  the  general  reader 

and  for  beginners  in  the  science:  New  York,  12mo,  1875,  264  pp. 
Notice  of  the  chemical  and  geological  essays  of  T.  Sterry  Hunt:  Amer.  Jour.  Sd. 

(3),  vol.  ix,  1875,  pp.  lOi-109. 
On  Dr  Koch's  evidence  with  regard  to  the  contemporaneity  of  man  and  the  mas- 
todon in  Missouri :  Ibid.,  pp.  335-346. 
Southern  New  England  during  the  melting  of  the  great  glacier:  Ibid.,  1875-1876, 

vol.  X,  pp.   168-183;  pp.  280-282;   pp.   353-357;    pp.  409-t38;   pp.  497-508; 

vol.  xii,  pp.  125-128. 
"  The  Chloritic  formation  "  on  the  western  border  of  the  New  Haven  region :  Ibid. , 

vol.  xi,  1876,  pp.  119-122. 
On  the  damming  of  streams  by  drift  ice  during  the  melting  of  the  great  glacier : 

Ibid.,  pp.  178-180. 
Plants  as  registers  of  geological  age:  Ibid.,  pp.  407-409. 
Note  on  erosion :  Ibid.,  vol.  xii,  1876,  pp.  192,  193. 
An  account  of  the  discoveries  in  Vermont  geology  of  the  Rev  Augustus  Wing : 

Ibid.,  vol.  xiii,  1877,  pp.  332-347;  pp.  405-419;  vol.  xiv,  pp.  36,  37. 
The  relations  of  the  geology  of  Vermont  to  that  of  Berkshire :  IbiiL,  vol.  xiv,  1877, 

pp.  37-48 ;  pp.  132-140 ;  pp.  202-207 ;  pp.  257-2W. 
The  Helderberg  formation  of  Bernardston,  Massachusetts,  and  Vernon,  Vermont : 

Ibid.,  pp.  379-387. 
Manual  of  mineralogy  and  lithology :  3d  edition,  474  pp.,  12mo,  1878,  New  Haven. 
On  the  driftless  interior  of  North  America :  Amer.  Jour.  Sci.  (3),  vol.  xv,  1878,  pp. 

250-255. 
" Indurated  bitumen"  in  the  trap  of  the  Connecticut  valley :  Ibid.,  vol.  xvi,  1878, 
pp.  130-132. 
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Geology  of  New  Hampehire :  Ibid.,  pp.  39fM01. 

Some  points  in  lithology":  IbUL,  1878-1879,  pp.  335-343 ;  pp.  431-440;  vol  xviii.pp. 

134,  135. 
The  Hudson  River  age  of  the  Taconic  schists:  Ibid.,  vol.  xvii,  1879,  pp.  37a-38S; 

voL  xviii,  pp.  61-64. 
Manual  of  geology:  3d  edition,  912  pp.,  8vo,  1880,  New  York.  ^ 
Gilbert's  report  on  the  geology  of  the  Henry  mountains:  Amer.  Jour,  Sci,  (3),  vol. 

xix,  1880,  pp.  17-25. 
The  age  of  the  Green  mountains :  Ibid.,  pp.  191-200. 
The  geological  relations  of  the  limestone  belts  of  Westchester  county,  New  York : 

Ibid,,  vol.  XX,  1880-^81,  pp.  21-32;  pp.  194-220;  pp.  359-375;  pp.  450-4.36; 

vol.  xxi,  pp.  425-443;  vol.  xxii,  pp.  103-119;  pp.  313-315;  pp.  327-335. 
On  the  relation  of  the  so-called  **  kames  "  of  the  Connecticut  River  valley  to  the 

terrace-formation:  Ibid.,  vol.  xxii,  1881,  pp.  451-468. 
The  flood  of  the  Connecticut  River  valley  from  the  melting  of  the  Quaternary 

glacier:  Ibid.,  vol.  xxiii,  1882,  pp.  87-97  ;  pp.  179-202;  pp.  360-373;  vol.  xxiv. 

pp.  98-104. 
Text-book  of  geology :  4th  edition,  412  pp.,  1882,  8vo,  New  York. 
Review  of  Dutton's  Tertiary  history  of  the  Grand  Gaflon  district:  Amer.  Jour.  Sri. 

(3),  vol.  xxiv,  1882,  pp.  81-89. 
Southward  discharge  of  lake  Winnipeg:  Ibid.,  pp.  428^33. 
The  western  discharge  of  the  flooded  Connecticut:  Ibid.,  vol.  xxv,  1883,  pp.  440- 

448. 
Phenomena  of  the  Glacial  and  Champlain  periods  about  the  mouth  of  the  Connec- 
ticut valley— that  is,  in  the  New  Haven  region:  Ibid.,  pp. 341-361 ;  vol.  xxvii, 

1883,  pp.  113-130. 
Condition  occasioning  the  Ohio  River  flood  of  February,  1884 :  Ibid.,  1884,  pp.  411^- 

421. 
On  the  southward  ending  of  a  great  synclinal  in  the  Taconic  range:  76td,,  vol. 

xxviii,  1884,  pp.  268-275. 
The  Cortlandt  and  Stony  Point  hornblendic  and  augitic  rocks:  Ibid.,  pp.  384-38<). 
Origin  of  bedding  in  so-called  metamorphic  rocks :  Ibid.,  pp.  393-396. 
The  making  of  limonite  ore  beds:  Ibid.,  pp.  398-400. 
The  decay  of  quartzite,  and  the  formation  of  sand,  kaolin  and  crystallized  qiiarl2 : 

Ibid.,  pp.  448-452. 
A  system  of  rock  notation  for  geological  diagrams :  Ibid,,  vol.  xxix,  1885,  pp.  7-10. 
The  decay  of  quartzite:  Pseudo-breccia :  Ibid.,  pp.  57,  5S. 
Taconic  rocks  and  stratigraphy:  Amer,  Jour,  Sci.  (3),  vol.  xxix,  1885,  pp.  205-222; 

pp.  437-443. 
Origin  of  coral  reefs  and  islands :  Ibid.,  vol.  xxx,  1885,  pp.  89-105 ;  pp.  169-191. 
On  displacement  through  intrusion :  Ibid.,  pp.  374-376. 
Lower  Silurian  fossils  from  a  limestone  of  the  original  Taconic  of  Emmons:  7W., 

vol.  xxxi,  1886,  pp.  241-248. 
Early  history  of  Taconic  investigation :  Ibid.,  pp.  39J)-401. 
General  terms  applied  to  metamorphism  and  to  the  porphyritic  structure  of  rocks: 

Ibid.,  vol.  xxxii,  1886,  pp.  69-72. 
Taconic  stratigraphy  and  fossils  :  Ibid.,  pp.  236-239. 
A  dissected  volcanic  mountain,  Tahiti:  Ifnd.,  pp.  247-255. 
Manual  of  mineralogy  and  lithology :  4th  edition,  518  pp.,  12mo,  New  York,  18S7. 


GEOLOGICAL   WRITINGS   OF  JAMES   D.    DANA.  479 

Volcanic  action :  Amer,  Jour.  Sci.  (3),  vol.  xxxiii,  1887,  pp.  102-115. 

Taconic  rocks  and  stratigraphy :  Ibid,,  pp.  270-276  ;  pp.  393-419. 

History  of  the  changes  in  the  Mauna  Loa  craters  on  Hawaii :  Ibid.f  pp.  433-451 ; 

voL  xxxiv,  pp.  81-97;   pp.  349-364;   vol.  xxxv,  pp.  15-34;  pp.  213-228;  pp. 

282-289;  vol.  xxxvi,  pp.  14-32;  pp.  81-112;  pp.  167-175,  1887-1888. 
A  brief  history  .of  Taconic  ideas:  Ibid.,  voL  xxxvi,  1888,  pp.  410-427. 
Dodge's  observations  on  Halemaumau:  Ibid.,  vol.  xxxvii,  1889,  pp.  48-50. 
Notes  on  Manna  Loa  in  July,  1888 :  Ibid,,  pp.  51-53. 

Points  in  the  geological  history  of  the  islands  of  Maui  and  Oahu :  Ibid,,jip,  81-103. 
The  origin  of  the  deep  troughs  of  the  oceanic  depression.     Are  any  of  volcanic 

origin?    Ibid,,  pp.  192-202. 
Characteristics  of  volcanoes,  with  contributions  of  facts  and  principles  from  the 

Hawaiian  islands:  New  York,  8vo,  400  pp.,  1890. 
Corals  and  coral  islands:  2d  edition,  440  pp.,  8vo,  New  York. 
Sedgwick  and  Murchison — Cambrian  and  Silurian  :  Amer,  Jour.  Sci,  (3),  vol.  xxxix, 

1890,  pp.  167-180. 
Archaean  axes  of  eastern  North  America :  Ibid.,  pp.  378-383. 
Rocky  Mountain  protaxis  and  the  post-Cretaceous  mountain-making  along  its 

coarse:  Ibid.,  vol.  xl,  1890,  pp.  181-196. 
Long  Island  sound  in  the  Quaternary  era :  Ibid.,  pp.  425-437. 
The  genesis  of  the  heavens  and  the  earth  and  all  the  host  of  them :  Hartford,  12mo, 

70  pp.,  1890. 
The  four  rocks  of  the  New  Haven  region — East  rock,  West  rock.  Pine  rock,  and 

Mill  rock — in  illustration  of  the  features  of  non-volcanic  igneous  ejections ;  with 

a  guide  to  walks  and  drives  about  New  Haven :  New  Haven,  8vo,  120  pp.,  1891. 
Features  of  non-volcanic  igneous  ejections  as  illustrate<l  in  the  four  rocks  of  the 

New  Haven  region :  Amer.  Jour.  Sci.  (3),  vol.  xlii,  1891,  pp.  79-110. 

On  PercivaPs  map  of  the  Jura-Trias  trap-belts  of   central  Connecticut :   Ibid., 

pp.  439-447. 
Subdivisions  in  Archaean  history:  Ibid,,  vol.  xliii,  1892,  pp.  455-462. 
Additional  observations  on  the  Jura-Trias  trap  of  the  New  Haven  region :  Ibid., 

vol.  xliv,  1892,  pp.  165-169. 
Further  observations  on  the  permanence  of  oceans  and  continents :  Nattiral Science, 

vol.  i,  pp.  739,  740. 
On  New  England  and  the  Upper  Mississippi  basin  in  the  Glacial  period:  Amer. 

Jour.  Sci.  (3),  vol.  xlvi,  1893,  pp.  327-330. 
Manual  of  geology:  4th  edition,  1057  pp.,  8vo,  New  York,  1895. 

In  the  absence  of  the  author,  the  following  memorial  was  read  by 
Bailey  Willis : 

MEMOIR  OF  HENRY  BRADFORD  NASON 
MY  T.    C.    CHAM  BERLIN 

Professor  Henry  Bradford  Nason,  one  of  the  founders  of  this  Society, 
was  born  at  Foxborough,  Massachusetts,  June  22,  1831.  His  boyhood 
was  chiefly  passed  at  North  Bridgewater,  Massachusetts,  the  native  place 
of  his  mother.    His  early  education  was  secured  in  a  school  for  boys  at 
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Newburyport,  in  the  Adelphian  Academy  at  Bridgewater  and  in  the 
Williston  Seminary  at  East  Hampton.  In  1855  he  graduated  froth  Am- 
herst College  with  high  honors.  The  same  year  he  began  a  series  of 
travels  and  studies  in  Europe,  entering  Gottingen  University  in  the  fall, 
where  he  studied  chemistry  under  the  distinguished  Wohler,  with  miner- 
alogy and  geology  as  collateral  studies  and  physics  and  botany  as  acceeson- 
ones.  His  vacations  were  given  to  travel  in  various  parts  of  Europe. 
Receiving  the  degree  of  Ph.  D.  in  1857,  he  spent  some  further  time  in 
travel  before  his  return  to  this  country.  The  following  year  he  taught 
in  the  Raymond  Collegiate  Institute  and  in  the  succeeding  year  was  ap- 
pointed Professor  of  Natural  History  in  that  institution.  In  the  same 
year  he  was  chosen  Professor  of  Chemistry  and  Natural  History  in  Beloit 
College,  a  position  which  he  accepted  and  continued  to  occupy  until  186*5, 
when  he  resigned  it  to  accept  a  professorship  in  the  same  departments  in 
Rensselaer  Polytechnic  Institute,  which  he  held  until  the  time  of  his 
death,  January  18,  1895. 

Besides  the  degree  of  doctor  of  philosophy  which  he  earned  at  Gottin- 
gen, he  received  the  honorary  degree  of  M.  D.  from  Union  College  and  that 
of  LL.  D.  from  Beloit  College,  and  was  honored  by  membership  in  many 
societies,  scientific,  industrial  and  social. 

Professor  Nason  was  a  very  wide  and  observant  traveler,  and  much  of 
the  breadth  and  catholicity  of  sympathy,  which  were  signal  element**  of 
his  character,  was  doubtless  derived  from  his  wide  contact  with  both 
humanity  and  nature.  In  addition  to  what  has  already  been  indicat«<l, 
he  spent  portions  of  the  years  of  1861,  1877,  1878  and  1884  in  Europe, 
his  travels  ranging  from  Norway  and  Finland  to  the  Mediterranean,  and 
hus  subjects  of  study  from  the  glaciers  of  the  first  to  the  volcanoes  of  the 
last.  He  was  one  of  the  jurors  of  the  Paris  Exposition  of  1878  in  the 
department  of  mineralogy  and  metallurgy.  In  this  country  he  traveled 
extensively  in  the  south  and  made  repeated  trips  to  the  Pacific  coast, 
while  for  eight  years  he  divided  his  time  as  a  teacher  between  the  east 
and  the  interior.  His  instruction  was  greatly  enriched  from  the  larpe 
fund  of  personal  knowledge  and  experience  thus  acquired.  The  writer 
remembers  vividly,  across  the  lapse  of  nearly  thirty  years,  many  illustra- 
tions drawn  from  the  great  treasure-house  of  his  peraonal  observation. 

Professor  Nason  was  primarily  a  chemist  and  mineralogist,  and  it  i> 
not  appropriate  to  this  place  to  dwell  in  detail  upon  this  phase  of  his 
work,  even  though  it  was  the  central  one.  His  merits  as  a  chemist  will 
receive  due  recognition  from  his  colleagues.  It  is  pleasant  to  note,  how- 
ever, in  passing)  that  he  was  chosen  a  member  of  several  of  the  foreign 
as  well  as  of  the  leading  American  chemical  societies,  and  that  he  was  the 
editor  of  several  chemical  and  mineralogical  works. 
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It  was  not  his  main  work,  but  the  breadth  of  his  scientific  interest  and 
the  general  esteem  in  which  he  was  held,  that  led  to  his  connection  with 
this  Society  as  one  of  its  initial  members.  His  special  geological  interest 
lay  in  the  lines  of  volcanic  phenomena  which  he  studied  in  southern  Eu- 
rope. His  too  great  modesty,  however,  withheld  him  from  publication 
in  a  department  not  primarily  his  own.  His  geological  studies  were 
therefore  chiefly  serviceable  as  a  source  of  personal  culture  and  a  basis 
of  instruction. 

He  taught  geology  for  many  years,  and  it  was  the  privilege  of  the  writer 
to  be  one  of  his  pupils  nearly  thirty  years  ago.  Coming  to  the  subject 
as  a  required  study  without  enthusiasm  and  with  a  theological  prejudice 
that  would  fain  have  found  it  all  a  fallacy,  he  was  so  led  about  by  the 
fairness  and  frankness  of  Professor  Nason's  catholicity  and  by  the  irref- 
ragable evidence  which  his  personal  observations  brought  into  play  to 
support  the  doctrines  of  the  text  that  the  life-interest  of  the  pupil  was 
turned  into  a  wholly  unexpected  channel. 

As  a  teacher,  Professor  Nason  was  an  expositor  rather  than  a  drill- 
master.  His  aim  was  to  set  forth  the  truth  in  its  fairest  light  and  leave 
it  to  win  its  own  way,  and  the  gentleness  and  grace  of  his  exposition 
doubtless  often  won  when  forceful  argumentation  or  zealous  propagandism 
would  have  failed. 

Professor  Nason  was  a  man  of  singular  gentleness  and  refinement  of 
character.  He  possessed  the  esteem  and  affection  of  his  associates  in  all 
relations  of  life  in  a  very  unusual  degree.  Students,  faculty,  citizens  and 
scientific  acquaintances  alike  entertained  for  him  an  exceptional  regard 
as  a  man,  a  citizen  and  a  scientist.  His  memory  will  remain  with  all  as 
one  of  singular  sweetness. 

The  following  memorial  was  read  by  J.  F.  Kemp  in  the  absence  of  the 
author : 

MEMOIR  OF  ALBERT  B.  FOOTS 
BY  GEORGE  F.    KUNZ 

The  recent  death  of  Professor  Albert  E.  Foote,  which  occurred  on  the 
10th  of  October,  at  Atlanta,  Georgia,  after  a  five  days^  illness,  and  just 
on  the  eve  of  a  Florida  trip,  has  removed  from  among  us  one  of  the  most 
widely  known  representatives  of  the  science  of  mineralogy  on  this  con- 
tinent, and  it  is  eminently  fitting  that  some  formal  reference  to  his  life 
and  work  should  be  made. 

Dr  Foote  was  bom  at  Hamilton,  Madison  county.  New  York,  in  1846 ; 
he  came  of  early  Massachusetts  stock,  and  some  of  his  ancestors  earned 
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fame  in  the  American  revolution.  He  studied  at  Cortland  Academy. 
Homer,  New  York,  and  entered  the  Class  of  1867  at  the  Univerpity  of 
Michigan,  where  he  graduated  with  the  degree  of  M.  D.  His  interej^t  in 
science  began  while  at  Cortland  Academy,  where  he  formed  the  acquaint- 
ance of  Dr  Caleb  Green,  and  became  through  him  deeply  int^restetl  in 
natural  history,  especially  in  geology  and  mineralogy.  Many  days  were 
spent  by  young  Foote  in  excursions  with  Dr  Green  to  points  of  scientific 
interest  in  the  neighboring  districts  of  central  New  York.  The  ta^'t<^ 
thus  developed  led  him  on  to  his  life-work.  On  graduating  at  Michigan 
University  he  had  won  so  high  a  rank  in  his  scientific  studies  that  he 
was  chosen  out  of  a  large  class  as  an  assistant  in  the  University  laboratory. 
From  this  position  he  was  called  in  a  year  to  an  assistant  profeesoRjhip 
of  chemistry  in  the  Iowa  Agricultural  College  at  Ames,  Iowa.  Here  he 
renuiined  as  a  successful  instructor  for  several  years,  with  the  exception 
of  one  year  spent  in  Europe,  under  leave  of  absence,  when  he  studied 
chemistry  and  mineralogy  with  the  celebrated  Hoffman  in  Berlin.  In 
1873  he  visited  Arkansas  and  brought  to  New  York  the  first  great  quan- 
tities of  arkansite,  nigrine,  wavellite,  quartz  and  other  minerals,  and  made 
a  private  exhibit  in  the  arsenal  at  Central  Park. 

In  1875  he  removed  east  and  came  to  reside  in  Philadelphia.  Here  he 
organized  his  first  public  exhibition  of  minerals,  for  the  Centennial  Ex- 
gosition  of  1876,  and  has  since  made  similar  displays  at  nearly  all  the 
great  exhibitions  of  the  world,  for  which  he  received  many  medals  and 
awards.  At  the  time  of  his  death  he  had  charge  of  the  mineralogical 
exhibit  of  Pennsylvania  at  Atlanta.  He  was  accustomed  to  go  south  in 
winter,  as  for  twelve  years  he  had  suffered  with  pulmonary  consumption, 
but  it  was  not  supposed  that  his  end  was  by  any  means  near. 

Professor  Foote,  as  we  all  know,  was  prominent  not  so  much  in  pure 
science  as  in  the  dissemination  and  extension  of  scientific  interest;  lie 
was  not  specially  an  author  of  books,  an  investigator  in  the  laboratory, 
or  a  lecturer  before  public  audiences,  neither  was  he  a  great  private  col- 
lector and  amateur ;  yet  in  his  own  line  of  work  he  combined  many  of 
these  forms  of  influence,  and  has  given  an  impetus  and  a  status  to  min- 
eralogy in  America  such  as  hardly  any  other  man  has  been  able  to  do. 

After  leaving  his  professorship  of  chemistry  in  the  Iowa  Agricultural 
College,  he  turned  his  attention  to  mineralogy  as  a  business,  and  began  a 
system  of  collecting,  exchanging,  advertising  and  sale  of  well  selected 
and  accurately  labeled  specimens  that  has  made  his  name  a  **  household 
word  "  among  all  mineralogists  in  this  country  during  the  past  twenty 
years  and  widely  known  abroad.  For  this  kind  of  work  he  was  remark- 
ably qualified ;  he  had  the  scientific  knowledge  and  the  business  capacity 
alike  needed ;  he  possessed  an  indomitable  will  and  a  perseverance  rarely 
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if  ever  equaled  by  any  American  collector;  he  had  a  keen  eye  and  knew 
a  good  specimen  at  sight. 

In  the  development  and  prosecution  of  this  work  his  services  to  science 
were  many  and  important.  They  were  principally  of  two  kinds:  the 
discovery  and  procuring  of  material  before  unknown  or  inaccessible,  and 
the  distribution  of  good,  well  determined  minerals  throughout  the  cabi- 
nets of  the  whole  country.  The  union  of  energy  and  accuracy  in  work 
of  this  character  by  Professor  Foote  has  made  his  influence  of  great  and 
permanent  value. 

Professor  Thomas  Egleston  says  of  him :  • 

''  He  was  certainly  the  most  enterprising  mineral  collector  and  merchant  that  we 
have  had  in  this  country.  No  one  ever  (lid  bo  much  to  disseminate  a  knowledge 
of  American  minerals  in  Europe  as  he." 

Professor  E.  S.  Dana  writes : 

**  My  relations  with  the  late  Dr  Foote  extended  over  some  twenty  years  and  I 
thus  had  full  opportunity  to  become  acquainted  with  the  unfailing  activity  and 
tireless  enthusiasm  which  he  doyoted  to  his  mineralogical  work.  His  explorations  . 
after  minerals  extended  from  Canada  in  the  north  to  Mexico  in  the  south,  and  to 
all  parts  of  our  western  country.  He  also  made  several  journeys  to  Europe,  and 
collected  zealously  from  England  to  Sicily  and  Austria.  His  work  was  carried  on 
with  the  same  energy  even  when  his  health  was  seriously  impaired.  The  results 
of  his  labor  are  to  be  found  in  the  development  of  American  mineral  localities  and 
in  the  distribution  of  specimens  not  only  throughout  this  country,  but  to  many 
parts  of  the  world,  by  which  the  knowledge  of  mineralogy  and  the  general  in- 
tt*rcst  in  its  study  have  been  much  increased." 

To  illustrate  briefly  the  points  thus  made  by  these  eminent  leaders  in 
scientific  mineralogy  from  whom  I  have  just  quoted,  I  may  refer  to  three 
aspect*  of  Professor  Foote's  work,  namely,  its  extent,  its  accuracy,  and 
its  importance  in  respect  to  developing  localities. 

In  the  twenty-eight  or  thirty  years  of  his  collecting,  he  has  placed  in 
the  cabinets  of  the  world  several  millions  of  specimens,  besides  many 
thousands  of  small  cabinets  in  which  the  specimens  were  sold  as  low  as 
one  hundred  for  a  dollar.  The  impulse  given  and  the  facilities  afforded 
both  to  beginners  and  to  advanced  collectors  by  this  vast  amount  of  dis- 
tribution are  beyond  calculation  in  their  influence  on  the  development 
of  this  branch  of  study. 

But  with  all  this  wide  extent  the  work  was  accurate.  On  every  speci- 
men, even  the  little  pieces  in  the  beginner's  collections,  was  pasted  with 
a  remarkably  firm  cement  a  label  bearing  the  name  of  the  species,  the 
variety,  the  locality,  the  fonnula,  and  the  number  in  Dana's  Mineralogy. 
It  is  much  to  say,  but  I  can  say  it  without  hesitation,  that  in  all  these 
vast  numbers  of  specimens  Professor  Foote  never  allowed  a  single  one  to 
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leave  his  establishment  about  which  there  was  with  him  the  slighteitt 
doubt  as  to  the  authenticity  of  the  specimen  or  the  correctness  of  the 
label. 

As  to  localities,  Professor  Foote  did  an  immense  amount  of  pioneer 
work,  both  in  opening  and  developing  old  localities  and  in  discovering 
new  ones.  This  alone  entitles  him  to  the  gratitude  of  all  lovers  of  the 
science.  As  early  as  1870  he  began  this  work  in  the  region  of  lake  Su- 
perior, accompanied  by  a  class  of  students. 

He  spent  some  five  months  at  Isle  Royale  and  obtained  many  magnifi- 
cent specimens  of  chtorastrolite,  finer  than  any  that  had  ever  been  found 
He  brought  to  light  also  the  interesting  gemstone  to  which  he  gave  the 
name  of  zonochlorite,  and  which  was  generally  recognized  as  a  distinct 
species,  although  it  has  recently  been  referred  to  prehnite  by  Hawes. 

At  about  the  same  time  he  visited  the  lead  and  zinc  mines  of  Joplin 
and  Oronogo,  in  southeastern  Missouri,  and  was  among  the  first  to  bring 
specimens  from  that  region  to  the  notice  and  within  the  reach  of  eastern 
collectors. 

The  same  may  be  said  of  his  work  near  Hot  Springs,  in  Arkansas, 
whence  before  only  a  few  stray  specimens  had  been  obtained  of  the  beauti- 
ful quartz  that  has  now  become  so  abundant  in  cabinets,  while  the  min- 
erals of  Magnet  cove,  the  arkansite,  wavellite,  variscite  and  many  others 
were  almost  or  entirely  unknown. 

Somewhat  later  he  developed  on  an  extensive  scale  the  great  locality 
of  amazonstone  and  smoky  quartz  at  Pike's  peak,  and  sent  these  el^ant 
specimens  far  and  wide  to  enrich  the  public  and  private  collections  of 
the  whole  world. 

He  discovered  and  brought  to  notice  mazapilite,  paramelaconite,  caco- 
clasite  and  footeite,  all  of  which  were  fully  described  by  Dr  George  A. 
Koenig. 

The  magnificent  twin  zircons  and  apatites  of  Canada,  the  copper  min- 
erals from  Arizona  and  New  Mexico,  the  hanksite  and  other  mineral^ 
from  California,  etcetera,  are  a  few  of  the  fine  minerals  he  brought  to  light. 

His  monthly  bulletins  containing  announcements  of  new  mineral  con- 
signments, with  valuable  mineral  notes,  and  republishing  scientific  papers 
and  widely  distributing  them  throughout  the  United  States  had  much 
to  do  with  bringing  scientific  information  before  the  public.  Another 
great  work  was  his  scientific  book  business ;  the  bringing  together  of  old 
libraries  or  scientific  books  that  had  found  their  way  into  the  common 
old  bookstores,  cataloguing  them  and  placing  them  at  the  disposal  of 
active  workers  by  means  of  monthly  bulletins. 

Professor  Foote  was  always  interested  in  expositions,  and  made  ex- 
cellent displays  at  the  Centennial  Exposition,  1876 ;  Louisville,  Ken- 
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tucky ;  Cincinnati,  Ohio ;  Pari8,  1889,  and  at  the  Colonial  Exposition  of 
1880,  at  which  time  he  delivered  a  course  of  lectures  on  minerals  and 
gems  before  the  Workingmen's  Association  with  considerable  success. 

Perhaps,  however,  his  most  important  work,  from  a  scientific  stand- 
point, was  in  connection  with  the  occurrence  of  diamonds,  or  at  least  of 
diamond-carbon,  in  meteorites.  This  was  in  1891,  when  he  visited  the 
r^ion  of  Canyon  Diablo,  Arizona,  and  brought  thence  several  large 
meteorites  and  many  small  pieces  of  the  iron  meteorite  that  has  since 
become  so  celebrated.  The  extreme  hardness  developed  in  portions  of 
one  of  the  masses  in  the  process  of  cutting  led  to  special  investigation 
]>y  Dr  George  A.  Koenig,  and  the  result  was  that  small  quantities  of 
diamond-carbon  were  found  in  cavities  in  the  iron.  These  facts  were 
announced  by  Dr  Poote  at  the  Washington  meeting  of  the  American 
Association  for  the  Advancement  of  Science  in  the  same  year,  1891.  Two 
years  later,  at  the  World's  Pair  at  Chicagb,  the  powder  from  one  of  these 
cavities  was  successfully  tested  under  my  own  direction  by  being  used 
in  actually  polishing  a  diamond,  and  its  character  established  beyond 
any  possible  doubt. 

He  has  done  a  special  work  for  mineralogy  in  this  country  which  en- 
titles his  name  to  honor  and  regard.  The  great  business  that  he  has  built 
up  and  administered  is,  we  understand,  to  be  carried  on  by  his  son,  and, 
for  the  sake  of  science,  we  trust  may  be  equally  successful. 
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In  the  absence  of  the  author,  the  following  memorial  was  read  bv  the 
Secretary : 

MEMOIR  OF  ANTONIO  DEL  CASTILLO 
BY  BZBQUIBL  ORDOl^BZ 

Sefior  Antonio  del  Castillo  was  born  in  1820,  of  Mexican  parents,  in  a 
little  town  called  Pungarabato,  state  of  Michoacan,  in  the  Republic  of 
Mexico.  He  was  baptized  in  the  town  of  Cutzamala,  in  the  state  of  Guer- 
rero, and  was  the  fourth  son  of  General  Antonio  del  Castillo,  a  man  of 
many  battles,  who  held  one  of  the  first  positions  in  the  Mexican  army, 
and  was  elected  governor  of  the  state  of  San  Luis  Potosi ;  his  entirv 
career  was  satisfactory  to  the  Mexican  people  and  he  was  worthy  of  men- 
tion in  the  biography  of  his  son.  The  mother.  Madam  Marcelina  Patifio, 
was  of  good  family  and  seems  to  have  possessed  not  only  much  love  for 
her  favorite  son,  but  also  much  faculty  of  observation.  She  early  du?cov- 
ered  his  fondness  for  certain  studies  and  his  appreciation  of  all  thing? 
pertaining  to  nature.  The  parents  sent  the  young  Antonio  to  a  school 
in  Mexico  kept  by  a  Frenchman  called  Matyen  de  Fossey.  He  remaintnl 
in  this  school  from  1832  to  1835,  whence  he  passed  to  the  College  of 
Mines.  In  this  institution,  supported  and  intended  only  for  the  sons  of 
the  wealthy  and  others  holding  high  positions  in  Mexico,  he  was  sur- 
rounded by  people  of  wealth,  birth  and  education.  At  the  age  of  26  years 
he  was  elected  as  substitute  in  the  chair  of  mineralogy  in  the  Mininir 
College.  One  year  later,  when  he  graduated  with  high  honor,  the  chair 
was  made  his  permanently. 

Some  years  afterward  he  married  Miss  Manuela  Ocampo,  the  daughter 
of  a  rich  merchant  of  Guadalajara.  Here  commences  the  public  life  of 
Sefior  Antonio  del  Castillo,  who  seems  to  have  combined  the  love  oi 
family  with  love  of  science. 

General  Castillo  in  1851  called  his  son  to  San  Luis  Potosi  to  take  pari 
in  political  affairs,  but  the  professor  preferred  to  continue  his  studies  in 
geology. 

In  1856  he  made  a  trip  to  the  United  States,  called  there  by  the  gov- 
ernment to  testify  in  court  as  to  the  ownership  of  certain  mines  in  AI- 
maden,  California,  claimed  by  two  contesting  parties.  While  there  with 
other  Mexican  commissioners  he  received  many  flattering  proo&  of  esteem 
and  appreciation. 

In  1866  he  conceived  the  idea  of  making  a  geological  map  of  the  Re- 
public of  Mexico,  notwithstanding  his  many  occupations. 

In  1867  the  Mexican  government  appointed  him  Director  of  the  Mint, 
and  later  one  of  the  Commissioners  to  form  a  code  of  mining  laws.  When 
General  Diaz  became  President,  he  appointed  Senor  Castillo  Director  of 
the  School  of  Engineers.    Having  great  afifection  for  this  school,  he  en- 
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deavored  to  increase  in  every  way  its  usefulness,  and  under  his  director- 
ship the  government  established  many  new  classes  and  the  school  in- 
creased greatly  in  various  departments. 

During  the  French  war,  not  being  in  sympathy  with  the  Maximilian 
government,  he  left  for  a  time  his  position  in  the  school  and  took  charge 
of  the  mines  in  Tasco,  for  which  services  he  received  valuable  remunera- 
tion. 

Senor  Castillo  was  a  man  well  known  at  home  and  abroad,  as  shown 
by  his  membership  in  the  following  scientific  societies :  Sociedad  Mexi- 
cana  de  Geografia  y  Estadistica,  Sociedad  de  Historia  Natural,  Asociacion 
de  Yngenieros  y  Arquitectos,  Societe  Geologique  de  France,  Society  de 
Economic  Politique  de  Belgique,  Geological  Society  of  America,  Geolog- 
ical Society  of  London,  Deutsches  Geolgisches  Gesellschaft  and  American 
Institute  of  Mining  Engineers. 

In  1889,  when  representing  the  Mexican  government  in  the  Paris  Ex- 
position, he  was  made  Chevalier  of  the  Legion  of  Honor. 

His  chief  work  up  to  the  year  1889  was  in  forming  the  Geological  Com- 
mission of  Mexico.  This  commission  has  made  a  sketch  of  the  geological 
map  of  the  Republic  of  Mexico,  obtained  knowledge  of  the  mineral,  vol- 
canic and  other  products  of  dififerent  states  and  has  transported  to  the 
capital  the  heaviest  masses  of  meteoric  iron  to  be  found  in  the  world. 

Sefior  del  Castillo  was  the  Mexican  representative  in  the  Geological 
Congresses  of  London,  Paris,  Washington  and  Switzerland.  His  last  wish 
when  on  his  deathbed  was  to  assist  the  Americanist  Congress  held  in 
Mexico  a  few  months  since. 

He  died  November  27, 1895,  at  11  o'clock  in  the  morning,  in  the  city 
of  Mexico.    Two  daughters  survive  him. 

Notwithstanding  his  ability  and  experience  as  a  practical  geologist  and 
mineralogist,  Sefior  Castillo  wrote  but  a  few  pamphlets  on  his  favorite 
study. 
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Caadro  de  la  mineralogia  mexicana  oonteiiiendo  las  especies  minerales  dispfQestas 

por  orden  de  su  compo8ici6n  quimica  y  cristalizacidn :  BoL  de  la  Soc.  de  Geogr. 

y  Ed.,  V.  X,  1864,  pp.  5(>4-571. 
De8cripci6n  de  la  maso  de  hierro  Tnete6rico  de  Yanhuitlan  y  de  otras  nuiaag  de 

hierro  inete6rico  caidas  en  territorio  mexicano:  Bol,  de  la  Soc.  de  Geogr.  y  Ed,, 

V.  X,  1864,  pp.  661-665. 
Los  criaderos  de  azufre  de  Mexico  y  su  explotaci6n :  La  Nature,  v.  1,  pp.  44-5CK 

Mexico,  1869. 
Serie  de  fotografias  de  inamfferos  del  Valle  de  Mexico  y  de8cripci6n  de  loe  i&eile? 

presentados  tt  la  Sociedad  Geol6gica  Alemana  por  Bagerich,  1869. 
Ensaye  de  oro  por  un  procedimiento  calorlm^trico :  La  Nature,  v.  ii,  1871,  p.  140. 
Noticia  de  la  existencia  del  arz^nico  nativo  en  la  Repiiblica  mexicana.    In  colab- 

oration  with  M.  Bareena :  La  Nature,  v.  ii,  1873,  pp.  313,  314. 
Descripci6n  del  mineral  bismatrfero  del  mineral  de  San  Luis  Potosf :  La  Aafinr, 

V.  iii,  1874,  pp.  92-94. 
Noticias  sobre  los  criaderos  de  graflta  y  plombagina  de  Mexico  y  su  explotaci6a: 

La  Nature,  v.  iii,  1875,  pp.  275-281. 
Catalogue  descriptive  de  meteorites  de  Mexico.    Paris,  1889. 
Carta  geol6gica  de  la  Repiiblica  mexicana :  Com.  Oeol.  de  Mlxico,  1889. 
Carta  minera  de  la  Repiiblica  mexicana.    Mexico,  1889. 
Fauna  i(m\  de  la  sierra  de  Catorce.    San  Luis  Potosl.    A.  del  Castillo  y  J.  G.  Agui- 

lera :  Bol.  de  la  Com.  Oeol.  de  Mixico,  1895. 

The  presentation  of  scientific  papers  was  declared  in  order,  under  the 
usual  rule  governing  the  position  of  papers  in  the  program.  The  firet 
and  second  papers  were  read  by  title. 

DISINTEGRATION  AND    DECOMPOSITION   OF   DIABASE    AT   MEDPOBD,   MASSA- 
CHUSETTS 

BY  GEORQB  P.    MERRILL 

The  paper  is  printed  as  pages  349-362  of  this  volume. 

QEOQRAPHIC  RELATIONS  OF  THE  GRANITES  AND  PORPHYRIES  IN  THE  BASTBBy 

PART  OF  THE  OZARKS 

BY  CHARLES  R.    KEYES 

The  paper  is  printed  as  pages  363-376  of  this  volume. 
The  next  paper  was  read  by  the  author : 

ILLUSTRATIONS  OF   THE   DYNAMIC  METAMORPHISM   OF  ANORTHOSITSS  ASD 

RELATED  ROCKS  IN  THE  ADIR0NDACK8 

BY  J.   F.   KEMP 

[Abstract^ 

Essex  county,  New  York,  with  about  2,500  square  miles  of  area,  contains  tbe 
principal  portion  of  the  Adirondacks.     As  field-work  has  progressed  year  by  year 
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the  geological  problems  involved  have  become  more  clearly  appreciated,  and 
althoagh  the  survey  has  necessarily  up  to  this  time  been  laiigely  in  the  nature  of 
reconnoiasance,  it  has  brought  out  much  that  is  definite.  Previous  papers  *  before 
the  Society  have  discussed  several  of  these  points.  It  is  evident  that  with  a  series 
of  gneisses  which  are  in  part  thought  to  be  of  sedimentary  origin  on  account  of  the 
crystalline  limestones  involved  in  them,  there  is  also  present  a  vast  amount  of  in- 
trusive or  plutonic  rocks  of  the  gabbro  family.  They  constitute  the  high  peaks 
and  ridges  and  include  purely  feldspathic  aggregates  or  anorthosites  and  very  basic 
olivine-gabbros  with  various  intermediate  types,  all  of  whose  genetic  relations  it  is 
hoped  in  the  future  to  demonstrate  with  chemical  analyses  and  petrographic  de- 
scriptions. The  massive  varieties  are  comparatively  simple  problems,  but  the 
widely  prevalent  gneissoid  types,  with  the  same  mineralogy  as  the  above  massive 
forms,  have  proved  extremely  puzzling.  Specimens  have  l)een  gradually  accumu- 
lated, however,  and  observations  have  been  recorded,  so  that  a  practically  un- 
broken series  can  be  established  from  the  massive  to  the  gneissoid,  together  with 
the  development  of  some  secondary  minerals  of  which  garnet  is  commonest.  The 
observations  are  of  value  not  alone  In  their  local  application,  but  in  illustrating  in 
a  remarkably  clear  way  progressive  dynamic  metamorphism.  With  this  object  in 
view  the  writer  placed  in  serial  order  about  twenty-five  specimens  which  he  ex- 
hibited with  comments. 

First  were  shown  perfectly  massive  and  coarsely  crystalline  anorthosites  from  the 
vicinity  of  lake  Sanford.  They  are  dark  blue  or  almost  black  aggregates  of  large 
labradorite  crystals  and  practically  notiiing  else.  Next  sjiecimens  were  shown  in 
which  the  rims  of  the  labradorite  crystals  were  crushed,  first,  with  a  narrow  border 
of  cataclastic  fragments,  then  with  broader  and  broader  crushed  rims,  until  the 
large  crystals  were  only  represented  by  irregular  nuclei  in  a  pulp  of  feldspar.  The 
extreme  case  involved  the  comminuted  fragments  alone.  These  latter  badly  crushed 
varieties  were  called  "  pulp-anorthosites,"  and  showed  slight  if  any  development 
of  foliation  or  of  shearing.  A  second  series  of  specimens  illustrated  this  phase, 
and  the  passage  of  the  crushed  anorthosites  and  acidic  gabbros  into  augen-gneisses 
and  finally  into  thinly  foliated  gneisses  was  traced  step  by  step.  The  rich  develop- 
ment of  garnets  in  many  was  also  shown.  Starting  again  with  massive  olivine- 
gabbro  possessing  an  almost  ophitic  texture  from  a  great  ledge  north  of  Port  Henry, 
the  passage  of  this  in  the  same-  outcrop  through  faintly  gneissoid  varieties  into 
thinly  laminated  types  was  illustrated  step  by  step,  the  final  product  being  practi- 
cally a  hornblende  schist. 

All  these  changes  were  explained  by  crushing,  flowage  and  shearing  from  dy- 
namic processes  attendant  on  the  pre-Cambrian  upheavals  in  the  region.  The  least 
crushed  or  sheared  varieties  favor  the  central  peaks  or  the  interior  jwrts  of  the 
larger  ridges.  The  outer  flanks  are  characteristically  crushed  or  gneissoid.  The 
conAdent  hope  was  expressed  that  by  establishing  such  series  the  origin  of  many 
of  the  obscure  gneisses  could  be  explained. 

Acknowledgments  were  made  to  Professor  James  Hall,  state  geologist,  under 
whose  direction  much  of  the  material  used  in  illustration  had  been  gathered. 


*Gabbro«  on  the  western  Shore  of  Lake  Ghnmplain.    This  Bulletin,  yol.  6,  p.  213. 

CfyfltAlllne  Limestones,  Ophicalciies  and  a!«Boc{ated  Schists  in  the  Eastern  Adirondacks.  Idem., 
▼ol.  6,  p.  241.  To  these  may  be  added  Preliminary  Report  on  the  (Geology  of  Essex  county.  Re- 
port of  the  New  York  State  f^eologist,  1893,  p.  433.  Geoloxy  of  Moriah  and  Westport  Townships. 
Ballet  in  Bfate  Maseum,  toI.  iii,  p.  326. 
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The  paper  by  Professor  Kemp  was  discussed  by  A.  C.  Lane  and  C.  H. 
Hitchcock. 

Following  the  presentation  of  'the  above  paper  the  Society  removed 
from  room  104,  which  was  found  too  small,  to  the  j^jeological  lecture- 
room,  on  the  same  floor,  where  all  the  subsequent  sessions  of  the  meeting 
were  held. 

The  next  paper  was  read  by  the  President,  Vice-President  Charles  H. 
Hitchcock  assuming  the  chair. 

THB  SITARB  OF  VOLCANIC  DUST  AND  PUMICB  IN  MARINE  DEPOSITS 

BY  N.   8.   BHALER 

[Abstrad'] 

It  has  long  been  recognized  that  those  parts  of  the  rock  ejections  of  volcanoes 
which  are,  from  their  vesicular  nature,  in  a  condition  to  float  in  water,  may  be  car- 
ried far  over  the  seas  and  in  time  be  contributed  to  the  deposits  which  are  forming 
on  their  floors.  The  object  of  this  paper  is  to  consider  the  probable  amount  of 
these  contributions  and  the  conditions  of  the  distribution  on  the  ocean  bottoms 
and  along  the  coast  lines. 

The  distribution  of  volcanoes,  so  far  as  it  is  known,  indicates  that  they  are  inti- 
mately related  to  actions  going  on  beneath  tlie  sea  floor.  The  leu^ts  justify  us  in 
believing  that  these  vents  plentifully  develop  on  the  ocean  bottoms,  but  only  in  a 
limited  way  are  formed  along  a  strip  of  the  continents  next  the  shore,  rarely  if 
ever  remaining  in  considerable  activity  after  the  sea  has  been  withdrawn  for  more 
than  two  or  three  hundred  miles  from  their  sites.  It  is  not  certain  that  the  sub- 
marine vents  which  are  covered  by  any  considerable  depth  of  water  discharge  ashes 
or  pumice.  It  is  quite  likely  that  the  pressure  of  the  overlying  fluid  prevents  the 
free  expansion  of  the  interstitial  steam,  which,  taking  place  in  a  limited  way  at 
the  surface,  forms  pumice,  or,  occurring  in  a  more  effective  manner,  blows  the  lava 
to  dustrlike  bits.  It  is,  indeed,  likely,  though  by- no  means  certain,  that,  poured 
forth  in  the  depths  of  the  sea,  the  molten  rock  would  be  retained  in  a  rather  com- 
[>act  state  or  at  most  that  the  expansion  of  the  gases  would  lead  to  the  formation 
of  somewhat  vesicular  lavas. 

Limiting,  as  there  seems  reason  to  do,  the  formation  of  dust  and  pumice  to  the 
shore  or  shallow-water  vokainoes,  is  there  any  means  whereby  we  can  obtain  any 
measure,  however  rude,  as  to  the  amount  of  the  ejections  of  the  floatable  material 
which  they  disc^harge  ?  So  far  I  have  found  but  one  region  of  extended  and  varied 
igneous  activity  where  approximate  estimates  can  be  applied  to  the  matter,  that  is 
the  Javanese  archipelago,  including  the  island  of  the  name,  Sumatra  and  some  of 
the  neighboring  lesser  isles.  It  is  a  characteristic  feature  of  the  volcanoes  of  this 
district  that  the  explosions  are  of  great  intensity,  little  flowing  lava  being  extruded, 
the  greater  part  of  the  molten  rock  being  blown  into  pumice  or  dust.  A  study  of 
the  eruptions  wliich  have  taken  place  in  this  fleld  during  the  century  and  a  quarter, 
ending  in  the  ^reat  outburst  of  Krakatoa  in  1883,  makes  it  appear  probable  that 
the  comminuted  or  extremely  vesicular  lava  which  has  fallen  upon  the  surface  of 
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the  sea  or  in  places  on  the  land,  whence  it  would  be  washed  by  the  rain  to  the 
ocean,  has  amounted  to  somewhere  near  a  cubic  mile  })er  annum.  Although  the 
Javanese  archipelago  appears  to  be,  for  its  area,  the  place  where  the  largest  amount 
of  v^icular  or  finely  divided  lava  is  now  produced,  we  cannot,  on  the  review  of 
the  fiicts,  assume  that  more  than  from  one-fifth  to  one-tenth  of  the  contributions  of 
those  materials  come  from  this  limited  field.  Therefore,  on  the  basis  of  this  very 
rough  reckoning,  we  may  perhaps  estimate  the  annual  contribution  to  the  seas  of 
these  rocks  which  may  float  in  the  water  at  somewhere  near  five  cubic  miles. 

The  Mississippi  river  each  year  discharges  into  the  sea  about  one-twentieth  of  a 
cubic  mile  of  suspended  or  dissolved  mineral  matter.  It  is  doubtful  if  the  aggregate 
discharge  of  the  rivers  of  the  world  amounts  to  more  than  thirty  times  that  of  the 
Mississippi,  so  that  the  importation  of  sedimentary  materials  into  the  sea  by  the 
rain  water  may  be  in  quantity  much  less  than  that  contributed  directly  by  the  vol- 
canoes. As  yet  the  value  of  coastal  erosion  is  not  even  approximately  known,  but 
assuming  that  the  eastern  coast  of  the  United  States  afibrds  a  fair  basis  for  such 
measurement,  it  seems  likely  that  the  volcanic  ejections  which  fall  upon  the  sea  or 
are  quickly  washed  into  it  equal,  if  they  do  not  exceed,  the  coastal  detritus. 

The  distribution  of  the  vesicular  fragmentary  lava  which  may  float  upon  the  sea 
is  evidently  wider  than  that  of  the  ordinary  detritus  from  the  land.  In  general, 
the  range  of  the  carriage  of  the  fragments  depends  on  the  specific  gravity  of  the 
bits.  It  is  easily  seen  that  there  is  a  great  diversity  in  this  feature.  As  regards  the 
dust,  there  is  also  a  variation  due  to  the  size  of  the  fragments.  These  may  be  so 
small  that,  as  in  the  case  of  those  formed  during  the  eruption  of  Krakatoa,  the  rate 
of  fall  even  through  the  air  may  be  very  slow.  These  diversities  in  the  rate  of 
descent  probably  result  in  the  deposition  of  a  great  part  of  the  dust  and  pumice  on 
the  sea-bottom  at  no  great  distance  from  the  vent.  A  large  jxtrtion  of  these  ma- 
terials evidently  journey  far  and  normally  find  their  place  of  rest  on  the  seashore 
in  the  well  known  manner  of  driftwood.  As  evidence  of  a  certain  though  limited 
value  as  to  the  truth  of  this  proposition  the  following  facts  may  be  noted : 

Along  the  eastern  and  southern  coasts  of  Florida  the  writer  in  1887  noted  the 
occurrence  on  the  beach  of  numerous  fragments  of  volcanic  pumice.  The  quantity 
was  so  considerable  that  a  number  of  observations  showed  that  each  square  yard 
of  the  surface  would  on  close  inspection  reveal  a  number  of  bits  nearly  all  of  which 
were  evidently  breaking  up  under  the  blows  of  the  waves  into  unrecognizable 
}iowder.  A  further  search  of  the  Atlantic  coast  as  far  north  as  Eastport,  M&ine, 
has  shown  the  presence  of  this  material,  though  in  lesser  quantities.  An  extended 
correspondence  has  indicated  like  occurrences  of  pumice  on  the  Paci^c  coast  of 
the  United  States. 

Although  there  is  danger  that  inexperienced  observers  may  mistake  the  puma- 
ceous  ash  which  is  formed  about  the  grate  bars  of  the  boiler  fires  of  steamships  or 
in  other  similar  conditions,  it  is  not  difficult  to  discriminate  the  natural  from  the 
artificial  product,  at  first  by  the  included  minerals  and  after  the  eye  is  well  trained 
by  the  macroscopic  aspect  of  the  material. 

Some  of  the  bits  of  pumice  which  has  recently  come  upon  the  Atlantic  coast  of 
the  United  States  somewhat  closely  resembles  that  which  was  thrown  out  by 
Krakatoa  in  August,  188:^.  Without  making  too  much  of  this  likeness,  it  may  be 
noted  that  there  is  no  other  more  likely  source  of  origin  of  these  fragments. 

The  main  points  of  this  paper  pertain  to  the  question  as  to  the  amount  of  the 
material  from  volcanoes  which  may  float  in  the  sea  (an  amount  which  though  not 
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definitely  meaeurable  is  evidently  lai^ge)  and  to  the  nataral  fate  of  the  fragmentg 
which  are  to  be  east  upon  the  sea  beaches  and  from  them  come  to  the  deposits  which 
are  forming  in  the  littoral  zone  or  to  be  dissolved  in  the  sea  water.  The  fiirther 
consideration  may  be  noted,  namely,  that  in  the  region  where  volcanoes  commit 
large  amounts  of  finely  divided  lavas  to  the  sea,  with  a  consequent  speedy  forma- 
tion of  sediments,  the  result  is  likely  to  be  a  more  than  usually  rapid  upward  move- 
ment of  the  isogeothermal  planes  in  rocks  containing  a  laige  proportion  of  water. 
This  would  naturally  lead  to  explosions  of  exceeding  violence,  such  as  characterize 
the  Javanese  archipelago. 

The  paper  by  President  Shaler  was  discussed  by  C.  H.  Hitchcock,  C. 
W.  Hayes,  L.  V.  Pirsson,  M.  E.  Wadsworth,  Persifor  Frazer,  W.  M.  Davis 
and  the  author. 

The  following  paper  was  read  by  the  author : 

A  NEEDED  TERM  IN  PETROQRAPHr 
BT   L.  V.  PIRSSON 

[Ahttradl 

The  term  crystal  when  strictly  and  properly  applied  means  the  geometrical  form 
assumed  by  the  physical  molecules  of  a  definite  chemical  compound  or  by  isomer- 
phous  compounds  in  crystallizing — that  is,  in  arranging  themselves  according  tn 
certain  laws  of  symmetry.  Thus  on  hearing  the  term  crystal  we  always  imagine  to 
ourselves  this  outward  symmetrical  form. 

The  demands  of  petrography  have,  however,  often  conferred  upon  the  term  an- 
other slightly  difierent  conception,  in  which  greater  strens  is  laid  upon  the  internal 
molecular  structure  and  physical  properties  of  the  body  than  upon  its  outward  form. 
Thus  we  hear  of  **  idiomorphic  "  crystals,  though  using  the  term  in  its  strict  sense 
every  crystal  must  be  idiomorphic. 

This  being  the  case,  it  seems  clear  that  we  have  no  good  term  to  express  those 
bodies  which,  though  possessing  the  internal  molecular  structure  and  physical 
properties  of  crystals,  have  through  the  conditions  of  their  growth  not  been  able  to 
attain  outward  symmetry. 

Thus  in  augitic  rocks  we  often  find,  on  the  one  hand,  cases  where  the  pyroxene 
has  crystallized  freely  as  a  phenocryst ;  it  is  idiomorphic,  possesses  its  outward  form 
bounded  by  crystal  faces  and  is  truly  a  crystal.  On  the  other  hand,  we  frequently 
find  cases  where  the  pyroxene  has  had  its  growth  interfered  with  by  that  of  other 
minerals  and  it  has  no  definite  geometrical  form ;  it  may  often  be  found  in  gran- 
ules or  in  rounded  or  ellipsoidal  bodies. 

While  these  latter  forms  are  generally  called  crystals,  referring  especially  to  their 
internal  structure,  a  survey  of  the  literature  will  show  that  mineralogists,  and  espe- 
cially petrographers,  have  felt  the  need  of  a  more  precise  and  definite  term  to  de- 
nominate them.  Thus  we  sometimes  find  them  called  "  crystal  fragments,"  a  asige 
which  is  objectionable,  since,  if  literally  taken,  it  would  mean  that  they  were  por- 
tions of  a  formerly  larger  mass  of  the  same  material,  which  they  by  no  means  are. 
Again,  others  have  called  them  ''crystalloids,*'  but  a  difficulty  in  the  use  of  this 
term  lies  in  the  fact  that  it  has  long  had  a  perfectly  definite  and  well  defined 
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meaning  in  chemiatry  of  a  totally  different  kind— that  is,-  as  the  correlative  of  col- 
loid. Petrographera  can  never  hope  to  dispossess  the  chemists  of  their  use  of  this 
tenn  even  if  it  were  desirable  to  do  so. 

Feeling  like  others  the  need  of  a  term  to  express  the  idea  which  has  been  men- 
tioned above,  the  writer  at  the  happy  suggestion  of  Professor  E.  S.  Dana,  whom  he 
has  consalted  upon  the  subject,  offers  the  word  anhedron  (from  a,  privitive,  and 
^eSpa^  a  plane,  meaning  "  without  planes  "),  and  by  anhedron  then  is  meant  those 
rounded  or  indeterminate  forms  without  crystal  planes  in  which  minerals  occur, 
especially  in  igneous  rocks. 

It  "will  be  noticed  that  the  word  is  formed  like  a  variety  of  well  known  terms, 
such  Bs  octahedron,  which  are  used  in  crystallography  to  express  outward  form. 
Like  them  also  it  may  be  used  in  an  adjectival  manner,  and  we  may  speak  of  the 
pyroxene  of  a  certain  rock  as  occurring  in  anhedrons  or  as  having  an  anhedral 
development. 

The  last  paper  of  the  session  was  read  by  the  author. 

NOTB  ON  THB  OUTLINE  OF  CAPE  COD 
BY  W.   M.   DAVIS 

Remarks  were  made  by  G.  K.  Gilbert,  C.  H.  Hitchcock  and  the  Presi- 
dent. This  paper  is  published  in  the  Proceedings  of  the  American 
Academy  of  Arts  and  Sciences,  1896. 

Announcements  were  made  of  a  reception  at  the  residence  of  Dr  Horace 
Jayne  and  a  lecture  at  the  hall  of  the  Academy  of  Natural  Sciences  by 
Professor  William  B.  Scott,  both  being  complimentary  to  the  several 
visiting  societies. 

The  Society  then  adjourned  until  Friday  morning.  No  evening  session 
was  held. 


Session  of  Friday,  December  27 

The  Society  convened  in  the  geological  lecture-room  of  the  Department 
of  Arts  at  10  o'clock  a  m.  President  Shaler  in  the  chair. 

The  Council's  report  was  taken  from  the  table  and  adopted  without 
debate. 

The  Auditing  Committee  reported  that  they  had  examined  the  accounts 
and  vouchers  of  the  Treasurer  and  had  found  them  correct  and  agreeing 
with  the  printed  report.    The  report  of  the  committee  was  adopted. 
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The  foUovring  report  of  the  Photograph  Committee  was  read  by  J.  ¥. 
Kemp: 

SIXTH  ANNUAL  REPORT  OF  COMMITTEE  ON  PHOTOGRAPHS 

To  the  CouncU  of  tfie  Geological  Society  of  America : 

The  Committee  on  Photographs  have  to  report  the  additioa  of  IBS 
views,  bringing  the  full  number  now  in  the  collection  up  to  1,283.  The 
donors  are  P.  V.  Marsters  (9),  The  Grabill  Portrait  Company  of  Chicago 
(13),  E.  L.  Ferguson,  Washington,  D.  C.  (6)  ;  Samuel  Calvin,  Des  Moines, 
Iowa  (50) ;  U.  S.  Geological  Survey  (H.  W.  Turner)  (40) ;  R.  T.  Hill,  U.  S. 
Geological  Survey  (51) ;  W.  H.  Pynchon,  Hartford,  Connecticut  (14) ; 
E.  L.  Edgerly,  New  York  city  (5). 

The  chairman  wishes  to  state  that,  owing  to  the  fact  that  copies  of 
photographs  are  ordered  directly  from  the  donors,  it  is  impossible  for 
the  committee  to  know  just  how  far  the  collection  meets  the  needs  of  the 
Society.  They  will  therefore  be  very  glad  to  receive  suggestions  from 
members  with  a  view  to  increasing  its  efficiency.  The  size  of  the  collec- 
tion is  already  such  as  to  make  its  care  and  transportation  a  matter  of 
considerable  expense,  and  it  seems  inadvisable  to  continue  indiscrim- 
inately adding  to  its  bulk. 

If  members  will  kindly  indicate  the  character  of  views  most  needed 

the  committee  will  be  enabled  to  carry  on  its  work  more  intelligently  and 

satisfactorily. 

Respectfully  submitted. 

George  P.  Merrill, 

Washington,  D.  C,  December  24,  1895,  Chairman. 
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Nine  views  presented  by  F.  V.  Martters 

1095.  Indiana  oolitic  stone  quarry,  Steinsville,  Indiana. 

1096.  Sawed  stone  from  Indiana  Oolitic  Stone  Company,  Steinsville,  Indiana. 

1097.  Oolitic  stone  quarry  (Saint  Louis  limestone),  Herodsburgh,  Indiana. 

1098.  Weathering  of  Indiana  oolitic  limestone,  near  Herodsburgh,  Indiana. 

1099.  Sawed  oolitic  limestone,  Bedford  Stone  Company,  Bedford,  Indiana. 

1100.  Hunter's  quarry  (Saint  Louis  limestone),  Bloomington,  Indiana. 

1101.  Reed's  quarry,  Clear  creek,  Monroe  county,  Indiana. 

1102.  Johnson's  quarry,  Bloomington,  Indiana. 

1103.  End  View.     Largest  block  of  stone  (Indiana  limestone)  quarried  up  to  Sejv 

tember,  1893.     Size,  11^  9^^  x  8^  S''  x  10'  V';   1,064  cubic  feet;'  weight, 
190,000  pounds ;  quarried  by  Bedford  Stone  Company,  Bedford,  Indiana. 
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Thirteen  views  presnUed  by  the  Grabili  Portrait  Company  of  Chicago,  lUinoie 

9 

1 104.  "  White  Rocks."    Part  of  Deadwood,  as  seen  from  White  rocks. 

1105.  ''  Gold  Dusf    Placer  mining  at  Rockerville,  Dakota.    Old  timers  (Spriggs, 

Lamb  and  Dillon)  at  work. 

1106.  *•  Villa  of  Brule."    The  great  hostile  Indian  camp  on  river  Brule  near  Pine 

Ridge,  South  Dakota. 

1107.  "  Deadwood,  Dakota."    A  part  of  the  city  from  Forest  hill. 

1108.  "Echo  Canyon."    Looking  through  Sioux  pass.    On  F.  E.  and  M.  Y.  rail- 

road, Hot  Springs,  South  Dakota. 

1109.  "The  celebrated  Spearflsh  tin  mine,"  Bear  gulch,  Lawrence  county,  South 

Dakota. 

1110.  '*  We  have  it  Rich."    Washingand  panning  gold,  Rockerville,  Dakota.    Old 

timers  (Spriggs,  Lamb  and  Dillon)  at  work. 

1111.  "Spearfish  Falls,"  Black  hills,  Dakota. 

1112.  "  Giant  Bluff,"  Elk  canyon,  on  Black  Hills  and  Fort  Pierre  railroad. 

1113.  "  Signal  Rock,"  Elk  canyon,  on  Black  Hills  and  Fort  Pierre  railroad. 

1114.  "  Needle  Point,"  Elk  canyon,  on  Black  Hills  and  Fort  Pierre  railroad. 

1115.  '*  Devils  Tower."    The  Tower  from  the  east  side  in  mirage  1,200  feet  high, 

800  feet  in  diameter. 

1116.  "  Devils  Tower,"  showing  millions  of  tons  of  fallen  rock. 

/Sir  views  photographed  and  presented  by  Eugene  Lee  Ferguson 

1117.  A  part  of  Lamar,  Barton  county,  Missouri.    A  typical  Missouri  prairie  town. 

Photographed  from  court-house  tower. 

1118.  A  western  Missouri  coal  mine. 

1119.  The  Blue  Ridge  mountains  in  Virginia,  showing  western  slopes  and  over- 

looking portion  of  Shenandoah  valley.     Sheep  pasture  in  foreground. 
1120..  Perched  rock  in  Westchester  county.  New  York,  near  Mount  Kisco. 

1121.  Perched  rock  in  Westchester  county,  New  York,  near  Mount  Kisco. 

1122.  A  rocky  point  on  the  Blue  Ridge  in  Virginia,  overlooking  Shenandoah  valley. 

Fifty  views  presented  by  Samuel  Calvin 
Figures  in  parenthesis  are  original  numbers 

1123  (2).  Riffle  in  Split  Rock  creek ;  caused  by  crossing  a  diabase  ledge ;  Ristie's 

farm,  near  Carson,  South  Dakota.    Photographed  by  Bain. 

1124  (3).  Cross-bedding  in  Sioux  quartzite;   Sioux  falls.  South  Dakota.     Pho- 

tographed by  Bain. 

1125  (8).  Canyon  in  Sioux  quartzite;   new;   taken  from  bottom;   Dell  rapids, 

South  Dakota.    Photographed  by  Keyes. 

1126  (10).  Columns  of  Saint  Croix  sandstone;  Lane's  farm  ;  Tp.  100  N.,  R.  4,  Sec. 

31,  N.  W.  i  N.  W.  J.    Photographed  by  Calvin. 

1127  (13).  The  Elephant;  Saint  Croix  covered  by  Oneota;  over  300  feet  high ;  on 

upper  Iowa  or  Oneota  river,  near  French  Creek  P.  0.,  Allamakee 
county,  Iowa.    Photographed  by  Calvin. 

1128  (14).  Mount  Hope;  a  hill  of  circuradenudation  standing  on  a  baseleveled 

plain ;  composed  of  Saint  Croix  overlain  by  Oneota ;  from  south  side 
of  Oneota  river;  Tp.  100, .R.  5,  Sec.  34,  N.  E.  J.  Photographed  by 
Calvin. 
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1 129  (18).  Bluf&  on  the  upper  Iowa  or  Oneota  river,  Saint  Croix  capped  by  Onef»ti ; 

height  300  feet  plus ;  near  the  mouth  of  Bear  creek,  Allamakee 
county,  Iowa.     Photographed  by  Calvin. 

1130  (21).  Oneota  limestone;    evenly  bedded,  fine  quality  stone;   about  40  ft^^t 

above  Saint  Croix ;  Tp.  100,  R.  5,  Sec.  18,  N.W.  i  S.W.  i,  N.  Kor. 
Photographed  by  Calvin. 

1131  (^22).  Part  of  the  **  Oyster  shell  rim  "  east  of  Fall  river,  show^ing  peculiar  c*m- 

cave  topographic  forms  due  to  a  bed  of  hard  limestone  charged  with 
the  shells  of  Inoceramus  overlying  softer  beds ;  Benton  group ;  north- 
east of  Hot  Springs,  South  Dakota. 

1132  (25),  Bluffs  of  Oneota  limestone ;  on  Yellow  river  below  Ion;  Tp.  96,  R.  4, 

Sec.  24,  N.  E.  \  S.  E.  f .    Photographed  by  Calvin. 

1133  (29).  Bluff  of  Oneota  limestone;   massive  above,  cherty  partings  at  bai^: 

height  60  feet;  Tp.  96,  R.  4,  Sec.  16,  S.  W.  i  N.  E.  J.  Photographfil 
by  Calvin. 

1134  (33).  Cascade  at  Pin neys  spring;  in  Trenton  limestone,  Allamakee  coanty. 

Iowa.    Photographed  by  Calvin. 

1135  (3l).  Saint  Peter  sandstone,  showing  weathering  effects ;  Tp.  96,  R.  5,  Sec.  14. 

S.  W.  J  N.  W.  f.     Photographed  by  Calvin. 

1136  (35).  Upi)er  Iowa  or  Oneota  river,  showing  bluffs  of  Trenton  limestone;  iKr 

corah,  Iowa.     Photographed  by  Calvin. 

1137  (36).  Effects  of  weathering  on  a  bluff  of  Trenton  limestone,  illustrating  thia 

bedding,  etcetera;  Tp.  96,  R.  6,  Sec.  17,  S.  E.  \  S.  E.  \. 

1138  (46).  **  Devils  Den ;"  spring  issuing  from  fiwje  of  bluff  of  Trenton  limestone: 

Tp.  99,  R.  5,  Sec.  19,  N.  W.  t  N.  E.  J  N.  E.  cor.  Photographed  by 
Calvin. 

1139  (55).  Natural  fall;    Niagara  limestone;   Cascade,  Dubuque  county,  Iowa. 

Photographed  by  Calvin. 

1140  (56).  Beds  of  passage  between  Niagara  limestone  and  Maquoketa  shale:  T|^ 

90,  R.  4,  Sec.  10 ;  Delaware  county,  Iowa.     Photographed  by  Cahin. 

1141  (58).  Niagara  overlying  Maquoketa,  illustrating  the  effects  of  geologic  Htrrni- 

ure  on  topographic  form  within  the  driftless  area ;  the  gently  unda- 
lating  lower  slopes  are  underlain  by  the  Maquoketa  shale ;  thest^[» 
hills  in  the  background  are  constructed  of  the  overlying  Niaj.mra 
limestone ;  view  looking  south  from  Lattners,  near  Graf,  Dabuquf 
county,  Iowa.     Photographed  by  Calvin. 

1142  (63).  Steamboat  rock;  "Devils  Backbone,"  topography  of  region  similar t'» 

that  of  driftless  area ;  northwestern  part  of  Delaware  county,  lows. 
Photographed  by  Calvin. 

1143  (64).  Stairway  at  "Devils  Backbone,"  illustrating  effects  of  weathering  oc 

Niagara  limestone ;  northwestern  part  of  Delaware  county,  Iowa. 
Photographed  by  Calvin. 

1144  (75).  Cross-bedding  in  sandstone;    Saint  Louis;    Bellefontaine,  Mak*gka 

county,  Iowa.     Photographed  by  Bain. 

1145  (79)  Cross-bedding  in  Coal  Measures  sandstone;  Redrock,  Marion  county. 

Photographed  by  Keyes. 

1146  (80).  Coal  Measures  sandstone  and  shale;  foot  of  Capitol  hill,  Des  Moine*. 

Polk  county,  Iowa.    Photographed  by  Bain. 

1147  (83).  Gypsum  quarry  face ;  Cretaceous;  Iowa  Plaster  Company,  Fort  Dodj,*, 

Webster  county.    Photographed  by  Keyes. 
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1148  (87).  Dakota  formation,  showing  clays,  lignite  and  sandstone,  capped  by 

loess ;  Sargeants  bluff,  Woodbury  county,  Iowa.  Photographed  by 
Bain. 

1149  (88).  Dakota  and  Benton  formations;  on  the  Sioux  river,  Old  Grills  mill, 

below  Westfield,  Plymouth  county.    Photographed  by  Bain. 

1 150  (89).  'Chalk  cliff;  Niobrara ;  on  Sioux  river.  Old  Grills  mill,  below  Westfield, 

Plymouth  county.    Photographed  by  Bain. 

1151  (94).  A  crowded  field  of  foraminifera  with  medium  sized   Textularia,  and 

many  specimens  of  Aywmalina  magnified  55  diameters;  from  Saint 
Helene,  Nebraska.     Photographed  by  Galvin. 

1152  (102).  Flood  plain  of  the  Missouri ;  view  taken  from  high  bluffs  east  of  the 

Sioux  river ;  showing  that  river  at  the  base ;  Dakota  lowland  be- 
tween it  and  the  Missouri,  with  the  Nebraska  hills  south  of  the 
Missouri  in  the  distance ;  Old  Grills  mill,  below  Westfield,  Plymouth 
county,  Iowa.    Photographed  by  Bain. 

1153  (106).  Glacial  scorings;  Kingston,   Des  Moines  county.     Photographed  by 

Fultz. 

1154  (111).  Till  interbedded  in  loess;  sand  pits  north  of  Sioux  Gity,  Woodbury 

county,  Iowa.  The  hammer  points  to  a  boulder  of  Sioux  quartzite. 
Photographed  by  Bain. 

1155  (117).  Base  of  Redrock  bluff;  east  end  of  quarry;  Redrock,  Marion  county, 

Iowa.    Photographed  by  Keyes. 

1156  (118).  Quarry  in  upper  Goal  Measures;  new  workings;  Earlham,  Madison 

county,  Iowa.    Photographed  by  Bain. 

1157  (124).  Quarry  in  Devonian  limestone;   Gedar  Valley  stage;   showing  two 

parallel  joints,  near  Iowa  Gity,  Johnson  county,  Iowa.  Photo- 
graphed by  Galvin. 

1158  (128).  Iron  mine,  northeast  of  Waukon,  Allamakee  county,  Tp.  99,  R.  4,  Sec. 

36,  N.W.  t  S.  E.  J.     Photographed  by  Galvin. 

1159  (140).  Palisades,  showing  Sioux  quartzite  on  Split  Rock  creek,  Minnehaha 

county,  South  Dakota.    Photograph  reduced  by  Galvin. 

1160  (141).  Palisades  as  in  140 ;  distant  view.     Photograph  reduced  by  Galvin. 

1161  (142).  Exposure  of  Le  Glaire  limestone,  obliquely  bedded  below,  horizontally 

bedded  above.  Sugar  Greek  lime  quarries,  Cedar  county,  Iowa. 
Photographed  by  Houser. 

1162  (143).  View  in  Stone  Gity  quarry.    Dearbome  tt-  Sons,  proprietors.    Ana- 

mosa  stage  of  Niagara ;  Stone  Gity,  Jones  county,  Iowa.  Photo- 
graphed by  Galvin. 

1163  (144).  View  in  Ghampion  quarry,  Stone  Gity,  Iowa ;  A namosa  stage  of  Niagara. 

Photographed  by  Galvin. 

1164  (145).  Oblique  bedding  in  Le  Glaire  limestone,  half  a  mile  south  of  Le  Glaire, 

Iowa.  The  soil  at  top  of  exposure  is  an  ancient  shell  heap  or 
kitchen-midden.    Photographed  by  Galvin. 

1165  (146).  Exposure  of  thin  bedded  I^  Claire  limestone,  Le  Glaire,  Iowa,  show- 

ing effect  of  subaquatic  erosion  and  subsequent  deposition  of  similar 
limestone  in  eroded  trough.  Le  Claire,  Iowa.  Photographed  by 
Galvin. 

1166  (147).  View  in  Gedar  Valley  quarry.    E.  J.  G.  Bealer,  proprietor.    Anamosa 

stage  of  Niagara  limestone.  Cedar  Valley,  Iowa.  Photographed  by 
Galvin. 
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1167  (148).  Oneota  river  bluffs  of  doloniitissed  Devonian  limestone.      Fore^n. 

Howard  county,  Iowa.     Photo^n^phed  by  Calvin. 

1168  (149).  The  Buchanan  gravels,  an  interglacial,  probably  Aftonian  deposit  ««f 

water-laid,  cross-bedded  sands  and  gravels.  The  boulders  in  for^*- 
ground  have  been  thrown  out  of  tlie  gravel,  and  are  of  th^  Kansan 
drift  type.  The  gravels  are  overlain  by  a  thin  layer  oT  lowan  drift 
with  numerous  large  granite  boulders  (see  number  151).  Photo- 
graphed by  Calvin. 

1169  (150).  Granitic  boulders  of  lowan  drift  near  Winthrop,  Iowa.     Photographe'l 

by  Calvin. 

1170  (151).  Boulders  of  lowan  drift  overlying  inte^glacial  deposits,  the  Buchanan 

gravels,  near  Independence,  Iowa.    Photographed  by  Olvin. 

1171  (152).  Granite  boulder  of  lowan  drift.    Section  16,  Newton  township,  Buch- 

anan county,  Iowa.     Photographed  by  Calvin. 

1172  (153).  Boulders  in  lowan  drift.    Buchanan  county,  Iowa.     Photographed  by 

Calvin. 

Forty  views  pre»eiUed  by  the  U.  S.  Oeoloffical  Survey  (H.  W,  Tamer). 

1173.  Laminated  and  roughly  columnar  fine  grained  pyroxene-andesite.     Franklin 

Hill  (Bid wall  Bar  atlas  sheet),  California.  See  Journal  of  Geolog\',  vol- 
ume iii,  1895,  page  410.     (Specimens,  numbers  209,  661,  etcetera.) 

1174.  Moraines  two  miles  northeast  of  the  Sierra  buttes  (Downieville  atlas  shevf. 

It  will  be  noted  that  the  longer  moraine  lies  directly  across  an  earlier 
moraine. 

1175.  Potholes  in  the  granite  of  the  canyon  of  the  north  fork  of  the  Mokelumne 

river,  California.  See  American  Journal  of  Science,  volume  xliv,  pa^ 
453. 

1176.  Canyon  of  the  north  folk  of  the  Mokelumne  river,  near  its  head,  southeast 

corner  of  the  Pyramid  Peak  atlas  sheet.  This  portion  of  the  canyon  is 
glaciated. 

1177.  Farewell  gap,  at  the  head  of  the  drainage  of  a  branch  of  the  middle  fork  of 

the  Kaweah  river,  Tulare  county,  California.  In  the  southern  Sierra 
Nevada.    Elevation  of  the  gap  about  10,500  feet. 

1178.  The  shattered  granite  crest  of  the  Sierra  Nevada,  about  six  miles  southeast 

of  Tower  peak,  in  Tuolumne  county,  California. 

1179.  Glaciated  canyon  nort.h  of  lake  Eleanor,  Tuolumne  county,  California,  show- 

ing the  roches  moutonnee.     All  the  rock  is  granite. 

1180.  Granite  bank  west  of  Granite  lake,  Tuolumne  county,  California,  showing 

basic  nodules  in  the  granite  and  dikes  of  aplitic  granite  (granulite  of  Ix'vy; 
cutting  both  the  main  granite  mass  and  the  included  nodules.  See  14th 
Annual  Report  U.  S.  Geological  Survey,  page  480. 

1181.  View  in  Hetch-hetchy  valley  on  the  Tuolumne  river,  Tuolumne  county,  Cali- 

fornia.   Yosemite  atlas  sheet.    The  rock  composing  the  bluff  is  granite. 

1182.  Basic  (black  hornblende  and  some  feldspar)  inclusions  in  porphyrite  (altered 

andesite)  dike  by  the  middle  fork  of  the  Feather  river.  Sierra ville  atk-' 
sheet. 

1183.  Basaltic  dikes  in  andesitic  breccia  on  ridge  south  of  Poker  fiat,  Sierra  county. 

California.    Downieville  atlas  sheet. 


KEOISTER   OP  PHOTOGRAPHS  RECEIVED   IN   18^5.  400 

1184.  Old  andesite  (porphyritic)  tuflfe  west  of  the  Salmon  lakes,  Sierra  county, 

California ;  showing?  joint  structure.    The  tuflfe  are  of  Jura-Trias  age. 

1185.  Columnar  lava  of  Jura-Trias  age,  about  four  miles  north  of  the  Sierra  butt^, 

Sierra  county,  California.  Oownieville  atlas  sheet.  The  easterly  dip  of 
the  lava  layer  is  approximately  indicated  by  the  upper  sur&ce  of  the 
columns. 

1 1 86.  Hornblende-pyroxene-andesite  breccia  on  the  ridge  top  near  Saddle  Back 

mountain,  Sierra  county,  California,  showing  the  angular  character  of  the 
fragmental  lava. 

1187.  Abandoned  hydraulic  gold  gravel  mine  at  Scales,  Sierra  county,  California. 

Downieville  atlas  sheet. 

1188.  Lower  Sardine  lake  and  the  Sierra  buttes  (Downieville  atlas  sheet),  showing 

the  sharp  line  between  the  glaciated  rocks  of  the  buttes  and  the  tnoraine 
material  which  begins  where  the  line  in  red  ink  is  drawn. 

1 1 89.  Exfoliating  granite ;  view  on  the  crest  of  the  Sierra  Nevada  about  three  miles 

south  of  Raymond  peak,  Markleeville  atlas  sheet.  See  14th  Annual  Re- 
port U.  S.  Geological  Survey,  page  481. 

1190.  Wind  ripples  in  the  sand,  near  west  entrance  to  Grolden  Ghite  park,  San 

Francisco. 

1191.  Wind  ripples  in  the  sand,  near  north  entrance  to  Golden  Gate  park,  San 

Francisco. 

1192.  Cascades  hydraulic  gold  gravel  mine,  showing  the  deposits  of  a  Tertiary 

river,  east  slope  of  the  Grizzly  mountains,  Plumas  county,  California. 
Downieville  atlas  sheet. 

1193.  Fault  scarp  and  depressed  block  to  the  east  of  it,  at  the  head  of  Dogwood 

creek,  Plumas  county,  California.    Bidwell  Bar  atlas  sheet.' 

1194.  Poker  Flat,  Sierra  county,  California  (Downieville  atlas  sheet),  surrounded 

by  volcanic  mountains,  chiefly  of  fragmental  andesite. 

1195.  Neocene  shore  gravels  resting  unconformably  in  a  water- worn  surfece  of  the 

lone  sandstone,  three  miles  southeasterly  from  Buena  Vista,  Amador 
county,  California.    Jackson  atlas  sheet. 
119(5.  Glaciated  canyon  of  the  head  of  West  Walker  river,  Mono  county,  California. 
Taken  from  the  crest  of  the  Sierra  Nevada. 

1 197.  Sawtooth  pesik  from  Mineral  King,  Tulare  county,  California.     Elevation  of 

Sawtooth  about  13,000  feet. 

1 198.  Wind  ripples  in  sand,  by  north  entrance  to  Golden  Gate  park,  San  Fran- 

cisco. 

1199.  lone  fonnation  capped  by  Pleistocene  gravels ;  south  bank  of  Mokelumne 

river,  just  east  of  the  Comanche  bridge,  Calaveras  county,  California. 
Jackson  atlas  sheet. 

1200.  Porphyritic  granite,  near  Granite  lakes,  Tuolumne  county,  California.    The 

larger  potash  feldspars  are  two  inches  long. 
120! .  Glaciated  granite,  about  six  miles  north  of  Hetch-hetchy  valley  looking  north, 
Tuolumne  county,  California. 

1202.  Granite  lake,  Tuolumne  county,  California,  showing  the  glaciated  sur&ces. 

1203.  Silver  peak  composed  of  andesitic  tuflfs  and  lavas  3,700  or  more  feet  thick  in 

thickness,  Alpine  county.     Markleeville  atlas  sheet. 
121)4.  Glaciated  knob  of  columnar  hornblende  andesite,  three  miles  west  of  Silver 
peak,  Alpine  county,  California.     Markleeville  atlas  sheet. 
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1205.  Vertical  fissures  in  granite,  north  of  Charity  valley,  Alpine  county,  California. 

Alarkleeville  atlas  sheet. 
1206^  Moraines  north  of  Pleasant  valley,  Alpine  county,  California.    The  valley 

lies  immediately  south  600  feet  lower  than  the  moraines  seen  in  the  middle 

of  the  picture.    Markleeville  atlas  sheet. 

1207.  Serrated  ridges  of  aiidesite  breccia.  Mount  Raymond,  Alpine  county,  Cali- 

fornia.   Markleeville  atlas  sheet. 

1208.  West  peak  of  Mount  Raymond,  Alpine  county,  California,  from  Indian 

valley.    The  peak  is  composed  of  hornblende  pyroxene  andesite  breccia. 
Markleeville  atlas  sheet. 

1209.  The  summit  of  the  Sierra  Nevada,  near  Tower  peak,  Tuolumne  county,  Cali- 

fornia. 

1210.  The  crest  of  the  Sierra  Nevada,  Tower  peak. 

1211.  Summit  of  the  Sierra  Nevada,  near  Tower  peak,  Tuolumne  county,  California. 

View  taken  in  July. 

1212.  From  Charity  valley,  Alpine  county,  California ;  showing  the  fissures  and 

glaciated  granite,  with  lavas  on  the  ridge  tops ;  Hawkins  peak  (homblende- 
andesite)  in  the  distance.    Markleeville  atlas  sheet 

Fifty-one  vieivs  presented  by  Robert  T,  Hill. 
Figures  in  parentheses  are  original  numbers. 

1213  (35).  Costa  Rica.    Ira  Zu  volcano ;  the  ascent ;  altitude,  9,000  feet    Oak  scrub 

above  limit  of  tropical  forest. 

1214  (36).  Costa  Rica.    Ira  Zu  volcano;  the  ascent  above  timber  line;  altitude, 

10,500  feet;  vegetation,  heath  scrub. 

1215  (37).  Costa  Rica.    Ira  Zu  volcano ;  ascent ;  outer  view  of  crater. 

1216  (38).  Costa  Rica.     Ira  Zu  volcano;  outer  view  of  crater,  composed  of  rolling 

cinder. 

1217  (39).  Inward  view  of  north  end  of  crater,  showing  craterlets  and  rolling 

boulder  material. 

1218  (40).  Costa  Rica.    Ira  Zu  volcano;  inward  view  of  outer  crater,  showing  roll- 

ing boulders  down  cinder  slope. 

1219  (41).  Costa  Rica.    Ira  Zu  volcano ;  ancient  floor  of  large  crater  within  crater, 

showing  one  stratum  of  black  lava  in  great  mass  of  cinder  aecuma* 
lation. 

1220  (42).  Costa  Rica.    Ira  Zu  volcano;  old  cliff  of  lava  on  south  side;  remnant 

of  ancient  emptions ;  modern  eruptions  are  principally  cinder  and 
water.  * 

1221  (43;.  Costa  Rica.    Ira  Zu  volcano ;  craterlets  within  crater,  below  floor  of  old 

crater  shown  in  number  41.    Nineteen  of  these  were  counted  by  Mr 
Hill. 

1222  (44).  Costa  Rica.    Ira  Zu  volcano;  craterlets  within  crater,  below  floor  of  old 

crater  shown  in  number  41.     Nineteen  of  these  were  counted  by  Mr 
Hill. 

1223  (45).  Costa  Rica.     Ira  Zu  volcano ;  craterlets  within  crater,  below  floor  of  old 

crater  shown  in  number  41.     Nineteen  of  these  were  counted  by  Mr 
Hill. 

1224  (46).  Detail  of  slope  of  old  crater  floor  shown  in  number  41. 
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1225  (47).  Costa  Rica.    Ira  Zu  volcano;  a  wave  of  clouds  slowly  rolls  over  the 

crater  suspending  photographic  operations. 

1226  (48).  View  of  Panama  bay,  showing  islands  of  Naoi?  in  distance ;  modem 

erosion  on  right  and  littoral  debris  in  foreground. 

1227  (49).  Hicaron  island,  in  Pacific  ocean,  showing  topographic  features- and 

modern  erosion  described  by  Mr  Hill  in  paper  on  Panama. 

1228  (50).  Colon.     Front,  Panama  railway  buildings,  showing  church.    Cblonel 

Richard  Wintersmith  and  United  States  Consul  Pearcy  in  foreground. 

1229  (51).  Colon.    Front,  Panama  railway  buildings,  showing  monument  erected 

to  Aspinwall  and  Stevens,  the  chief  promoters  of  the  Panama  Rail- 
way Company. 

1230  (1).  ** Buccaneering."    Old  Panama,  settled  in  1518  by  the  Spaniards;  de- 

stroyed by  English  buccaneers  under  Morgan  in  1671.  This  tower 
alone  remains  to  mark  the  site  of  the  great  city  of  the  first  century 
of  Spanish  conquest. 

1231  (2).  Panama.     '*Cerro  Ancon,"  000  feet  high.    Part  of  the  hospital  build- 

ing of  the  Panama  Canal  Company  in  foreground. 

1232  (3).     Panama.     ''Anton's  Folly."    The  palatial  residence  built  by  a  former 

assistant  superintendent  of  the  canal  company.  His  wife  and  two 
children  having  died  in  this  building  of  indigenous  diseases,  he  shot 
his  coach  horses  and  returned  to  France. 

1233  (4).  Panama.     Interior  of  ruins  of  old  cathedral,  said  to  be  over  100  years 

old.  In  the  Imck  of  the  pictuce  will  be  seen  a  brick  arch  of  about  30 
feet  span  and  less  than  4  feet  spring.  The  preservation  of  this  arch 
testifies  to  the  freedom  of  this  region  from  serious  earthquake  dis- 
turbances. 

1234  (5).  Panama  bay.    The  island  of  Taboga,  famous  for  exquisite  pineapples; 

the  high  bench  on  the  left-hand  side  of  the  picture  is  a  poor  illustra- 
tion of  a  persistent  topographic  feature  of  the  Pacific  coast. 

1235  (6).  Panama  bay.    The  island  of  Naoa ;  terminus  of  the  Pacific  Mail  line, 

showing  shops  and  buildings. 

1236  (7).  Colon.    Residence  of  the  superii^tendent  of  the  Panama  Railway  Com- 

pany at  entrance  of  limon  bay. 
1337     (8).  Colon.     Re:*idence.  of  ''El  Poblacion,"  showing  Jamaica  negroes  and 
ready  made  farm-houses  with  corrugated-iron  roofs ;  a  public  carriage 
is  also  seen. 

1238  (9).  Colon.     Driveway  of  Cristofer  Colon ;  the  Panama  canal  suburb.    The 

ground  is  made  from  debris  of  the  canal  dumped  into  the  bay. 

1239  (10).  Colon.     A  dredge  of  the  Panama  Canal  Company. 

1240  (11).  Panama  canal,  showing  a  portion  of  the  15  kilometers  lying  between 

Colon  and  Bujio,  situated  near  the  hills  in  background.  The  dredg- 
ing has  been  continued  to  completion  since  this  picture  was  taken. 

1241  (12).  Isthmus  of  Panama.    Asocial  gathering  at  Krijoles.    The  ladies  have 

their  weekly  washing  bees,  during  which  the  current  news  is  dis- 
seminated. With  two  exceptions  these  women  are  Jamaica  negresses, 
the  chief  laborers  of  the  tropics. 

1242  (13).  Canal  cutting  through  massive  basaltic  rock  near  San  Pabloa. 

1243  (14).  C^nal  cutting  through  massive  igneous  rock  near  Paraiso. 

1244  (15).  Dredges  in  the  Panama  canal. 

1245  (16).  Scene  on  the  Rio  Chagres. 

liX— Bull  Okol.  Soc.  Am.,  Vol.  7.  1895. 
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1246  (17).  Costa  Rica.    Swamp  lands  of  the  Atlantic  coast,  showing  typical  vegeta- 

tion of  that  region  and  the  isthmus.     Aborigines  in  the  forej^nnind. 

1247  (18).  Coastal  portion  of  Revancon.    Atlantic  drainage  of  Costa  Rica,  showing 

igneous  debris  brought  down  by  streams. 

1248  •(19).  Aboriginal  houses  of  Talamanca  Indians,  a  powerful  tribe  inhabiting 

the  southeast  coast  of  Costa  Rica. 

1249  (20).  Aboriginal  houses  of  Tklamanca  Indians,  a  powerful  tribe  inhabiting 

the  southeast  coast  of  Costa  Rica. 

1250  (21).  Aboriginal  houses  of  Talamanca  Indians,  a  powerful  tribe  inhabiting 

the  southeast  coast  of  Costa  Rica. 

1251  (22).  Costa  Rica.    Upland  scenery  of  central  basin  region;  igneous  boulder 

in  foreground. 

1252  (23).  Costa  Rica.    Upland  scenery  of  central  basin  region. 

1253  (24).  Costa  Rica.    Upland  scenery  of  central  basin  region ;  road  through  A goa- 

cate  pass. 

1254  (25).  Volcanic  boulder  drift,  the  chief  geologic  feature  of  Central  America. 

1255  (26).  The  true  tropical  flora  growing  at  altitudes  between  2,000  and  5,000  feet, 

showing  the  wonderful  parasitic  growth  upon  the  trees. 

1256  (27).  The  true  tropical  flora  growing  at  altitudes  between  2,000  and  5,000  feet, 

showing  the  wonderful  parasitic  growth  upon  the  trees. 

1257  (28).  The  true  tropical  flora  growing  at  altitudes  between  2,000  and  5,000  feet, 

showing  the  wonderful  growth  of  parasitic  ferns  upon  the  trees. 

1258  (29).  Costa  Rica.    Costa  Rican  soldiery.    Thispeaceful  country  requires  every 

citizen  to  serve  a  short  period  in  the  army.  The  paraphernalia  of 
war  so  conspicuous  in  other  Spanish  American  countries  is  unknown. 
Costa  Rica  is  unique  among  American  countries  from  the  &ct  that  it 
has  never  had  a  war. 

1259  (30).  Old  cathedral,  showing  ancient  Spanish  architecture,  still  current  in 

Mexico,  but  now  replaced  in  Costa  Rica  by  a  more  modern  style 
shown  in  number  (31)  1260. 

1260  (31).  Cathedral,  San  Jos^,  Costa  Rica. 

1261  (32).  Costa  Rica.    Crater  lake  of  Poas  volcano. 

1262  (33).  Costa  Rica.    Crater  lake  of  Poas  volcano ;  geyser  in  operation. 

1263  (34).  Costa  Rica.    Outer  rim  of  Ira  Zu  volcano ;  altitude,  11,400  feet 

Fourteen  views  presented  by  W.  H.  Pynchon,  Hartford,  ConnediaU 

1264  (1).  Contact  of  Triassic  conglomerate  on  underlying  crystalline  rock  (schist). 

The  locality  is  on  Roaring  brook,  about  2^  miles  west  of  Southington, 
Connecticut,  and  is  on  the  line  of  the  western  boundary  of  the  Tri- 
assic area  of  Connecticut.  The  upright  slabs  of  rock  in  deep  shadow 
and  the  rocks  over  which  the  brook  flows  are  schist  The  massive 
one  hanging  brow  is  Triassic  conglomerate. 

1265  (2).  Detail  of  same  locality  as  shQwn  in  (1)  1264. 

1266  (3).  Fault  at  Tarifl'ville,  Connecticut.    Farmington  river. 

1267  (4).  Cat-hole  pass,  near  Meriden,  Connecticut,  showing  the  deep  gorfses 

formed  on  the  line  of  the  oblique  northeast-southwest  fault  nmnlng 
between  Notch  mountain  (South  mountain)  on  the  west  and  Cat-hole 
peaks  on  the  east.    The  view  looks  to  the  southwest 
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1268  (5).  City  stone  pit,  Hartford,  Connecticut,  showing  contact  of  trap  sheet 

(probably  the  "posterior")  on  the  underlying  shales.  The  roofs  of 
Trinity  College  are  seen  above  the  ridge.  The  view  looks  a  little  east 
of  north. 

1269  (6).  Slab  of  Triassic  sandstone,  showing  mud  cracks ;  size  about  10  feet  by 

5  feet;  Shaler  and  Hall  quarry,  Portland,  Connecticut. 

1270  (7).  Section  of  the  bed  of  volcanic  ashes  west  of  the  southern  end  of  Liamen- 

tation  mountain,  near  Meriden,  Connecticut.  (See  "The  lost  Vol- 
canoes of  Connecticut.'*  W.  M.  Davis.  Popular  Science  Monthly, 
1891.)  The  picture,  looking  a  little  north  of  east,  shows  the  flattened 
"  bombs  "  imbedded  in  the  ashes. 

1271  (8).  Detail  of  a  part  of  same  ash-bed,  showing  bombs  imbedded  in  the  ashes. 

1272  (9).  Contact  of  Calciferous  on  fundamental  gneiss ;   Little  falls  of  the  Mo* 

hawk,  New  York.  The  locality  is  on  a  cut  of  the  West  Shore  rail- 
road. Close  upon  the  gneiss  is  a  thin  layer  of  conglomerate,  consid- 
ered by  Professor  W.  M.  Davis  to  belong  to  Calciferous  times  and  not 
to  Potsdam  times,  as  some  have  suggested. 

1273  (10).  Same  contact,  showing  the  thin  (3  or  4  inches)  layer  of  conglomerate. 

1274  (11).  Old  shoreline  of  lake  Ontario,  near  Rose  village,  New  York,  about  three 

miles  south  of  Sodus  bay. 

1275  (12).  High  falls  of  Genesee  river  at  Rochester,  New  York.    The  lower  fall 

(in  the  foreground)  is  determined  by  the  Medina  sandstone,  the  one 
next  above  by  the  Pentamerus  limestone  of  the  Clinton. 

1276  (13).  The  Niagara  escarpment,  looking  west.    Between  the  camera  and  General 

Brocks*  monument  flows  the  Niagara  river.  Between  General  Brocks* 
monument  and  the  distant  headland  of  the  escarpment  is  probably 
the  broad  month  of  the  old  drift-choked  valley  mentioned  by  Gilbert 
in  his  article  on  the  history  of  Niagara  (see  Report  of  New  York  State 
Reservation). 

1 277  (1 4).  The  Niagara  escarpment  from  inside  the  gorge,  looking  toward  Queenston. 

Five  views  presented  hy  E.  L.  Edgerly 

1278  (1).  Glaciated  surface,  Bronx  park,  New  York  city. 

1279  (2\  Drift  boulder,  Bronx  park.  New  York  city. 

1280  (3).  Drift  boulder,  Bronx  park,  New  York  city. 

1281  (4).  Drift  boulder,  Bronx  park.  New  York  city. 

1282  (5).  Drift  boulder,  Bronx  park.  New  York  city. 

It  wa.^  voted  that  the  report  of  the  Photograph  Committee  be  adopted. 
It  was  also  voted  that  the  committee  be  allowed  an  appropriation  of  $15 
for  1896. 

The  Secretary  announced  that  the  Council  suggested  for  the  next  sum- 
mer meeting,  to  be  held  at  Buffalo,  a  variation  from  the  usual  program. 
loHtead  of  the  several  sessions  for  reading  of  papers  it  was  proposed  to 
organize  a  number  of  excursions  previous  to  the  meeting  for  the  study 
of  the  different  classes  of  geologic  ])henomena  in  the  district  surrounding 
Buffalo ;  to  convene  the  Society  for  one  session  for  administrative  busi- 
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ness  and  the  reading  of  papers  by  title,  and  to  permit  the  presentation 
of  these  papers  subsequently  in  Section  E  of  the  American  Association 
for  the  Advancement  of  Science. 

The  plan  was  briefly  discussed  with  seeming  approval  as  an  experi- 
ment. 

The  first  paper  of  the  program  for  the  day  was  the  Presidential  Ad- 
dress. Vice-President  C.  H.  Hitchcock  assumed  the  chair  and  the  Prej^i- 
dent  read  his  address : 

RELATIONS  OF  QBOLOOIC  SCIENCE  TO  EDUCATION 
BT  THE  PRESIDENT,  N.   8.   SHALER 

The  President  invited  discussion,  and  remarks  were  made  by  G.  K. 
Gilbert,  H.  S.  Williams  and  M.  E.  Wadsworth,  with  replies  by  the  author. 
The  address  is  printed  as  pages  315-326  of  this  volume. 

The  President  resumed  the  chair  and  the  first  paper  was  the  following: 

PLAINS  OP  MARINE  AND  8UBAERIAL  DENUDATION 

BY  W.   M.   DAVIS 

The  paper  was  discussed  by  Bailey  Willis,  H.  F.  Reid,  C.  W.  Hayes, 
C.  R.  Van  Hise  and  G.  K.  Gilbert.  It  is  published  as  pages  377-398  of 
this  volume. 

A  communication  was  read  from  Dr  George  H,  Horn,  Secretary  of  the 
American  Philosophical  Society,  inviting  the  Fellows  to  visit  the  rooms 
and  library  of  that  society. 

An  invitation  was  also  extended  to  the  Fellows,  by  the  University  of 
Pennsylvania,  to  partake  of  a  midday  luncheon  served  in  the  library. 

Announcement  was  made  by  the  Secretary  that  immediately  after  the 
noon  adjournment  the  Fellows  present  would  be  photographed  in  a 
group. 

The  last  paper  of  the  morning  session  was  read,  entitled : 

CUSPATE  FORELANDS 
BY  P.    P.    GULLIVER 

Remarks  were  made  by  Bailey  Willis.  This  paper  is  published  as 
pages  399-422  of  this  volume. 

Adjournment  was  then  taken  for  luncheon. 
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The  Society  reconvened  at  2  o'clock  p  m  and  listened  to  the  first 
paper  as  follows : 

DRAINAGE  MODIFICATIONS  AND  THEIR  INTERPRETATION 

BY   M.   R.    CAMPBELL 

The  paper  was  discussed  by  W,  M.  Davis,  G.  K.  Gilbert  and  the  Presi- 
dent.    It  is  to  be  published  later  in  the  Journal  of  Geology. 

The  next  paper  was  entitled : 

EXAMPLES  OF  STREAM-ROBBING  IN  THE  CATSKILL  MOUNTAINS 

BY  N.    H.    DA  ETON 

[^  Abstract'] 

When  we  investigate  the  history  of  development  of  drainage  systems  we  often 
find  instances  in  which  a  stream  has  cut  through  a  divide  and  tapped  the  head' 
waters  of  a  neighboring  stream,  a  phenomenon  known  as  stream-robbing.  It  is 
accomplished  only  when  there  are  more  favorable  conditions  of  erosion  along  the 
stream  which  does  the  robbing,  usually  due  to  rock  texture  or  attitude,  but  some- 
times glacial  influences,  orographic  displacements  and  chemical  erosion  are  im- 
portant factors. 

Some  of  the  best  marked  examples  of  relatively  recent  stream-robbing  which  I 
have  seen  are  along  the  eastern  face  of  the  Catskill  mountains.  Tlie  two  finest  of 
these  are  the  Plaaters  kill  and  Kaaters  kill,  which  have  cutback  several  miles  into 
the  mountain  and  tapped  the  upper  waters  of  two  head  branches  of  Schoharie  creek. 
In  plate  23  I  have  reproduced  a  portion  of  the  Kaaters  kill  topographic  sheet  of  the 
U.  S.  Geological  Survey,  which  portrays  these  stream -robbers  so  plainly  that  an 
extended  description  of  them  will  not  be  necessary. 

The  most  conspicuous  features  of  the  region  are  the  steep  eastern  front  of  the 
Catskill  mountains  and  the  deeply  indented  gorges  of  the  Kaaters  kill  and  Plaaters 
kill,  all  having  very  precipitous  slopes,  which  are  mainly  over  1,500  feet  in  height 
The  gorges  head  in  high  waterfalls  and  they  receive  lateral  branches,  which  also 
descend  in  falls  of  greater  or  less  magnitude,  of  which  the  Kaaters  kill  falls  are  the 
most  noteworthy.  Lying  above  the  heads  of  the  gorges,  there  is  an  elevated  upland 
containing  the  wide»  gently  sloping  valleys  of  the  headwaters  of  Schoharie  creek. 
The  divides  at  the  heads  of  both  the  Kaaters  kill  and  Plaaters  kill  gorges  liave  an 
altitude  of  very  nearly  1,925  feet  above  sealevel,  and  they  are  in  saddles  which  are 
depressed  about  1 ,600  feet  below  the  summits  of  adjoining  ridges.  The  former  con- 
tinuity of  each  branch  of  the  Schoharie  depremon  eastward  beyond  the  present 
divide  at  the  head  of  the  gorges,  is  clearly  apparent  on  the  map  (plate  23),  particu- 
larly in  the  case  of  the  north  branch.  From  D  to  J?  a  portion  of  the  south  side  of 
this  depression  has  been  cut  away  bodily  by  the  invasion  of  the  Kaaters  kill  gorge, 
and  the  waters  of  the  two  lakes  now  pass  over  Kaaters  kill  falls  at  D,  while  a  side 
branch  from  the  northward  passes  over  Haines  falls  at  E.  Some  side  branches  of 
former  Schoharie  drainage  from  the  southward  now  flow  down  gorges  into  the 
Kaaters  kill  opposite  the  Kaaters  kill  foils.    The  Plaaters  kill  similarly  tape  sepa- 
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rately  three  of  the  former  head  streams  of  the  south  branch  of  Schoharie  creek, 
but  its  gorge  has  not  so  deeply  invaded  the  original  depression. 

The  geologic  stnicture  of  the  region  is  such  as  to  facilitate  stream-robbing  br 
streams  cutting  backward  in  the  face  of  the  mountain.  The  formations  are  alter- 
nating beds  of  hard  sandstone  and  soft  red  shales,  which  dip  gently  westward.  A 
stream  flowing  on  a  hard  bed  down  the  dip  would  erode  very  slowly,  and  thii»  ba&^ 
been  the  case  with  the  branches  of  the  Schoharie.  They  rise  in  an  elevated  por- 
tion of  the  mountain  and  after  the  first  mile  or  two  flow  slowly  to  the  westward 
and  empty  into  the  Mohawk  river  many  miles  to  the  northwestward.  Witli  streams 
flowing  out  of  the  mountain  to  the  eastward  the  conditions  are  very  difierent 
Tidewater  is  only  a  few  miles  away,  which  gives  great  declivity,  and  on  the  st^cp 
mountain  slope  streams  cutting  back  against  the  dip  rapidly  remove  the  red  shales 
and  undermine  the  sandstones.  The  relations  of  these  features  are  shown  in  the 
following  figure: 


^HALC    I         I 


^AMD9rOflf£    ^^ 


LmCSTOME. 


FIOURB  I.— Cross-section  of  Front  of  northern  /\>rtion  of  Caiskill  Mountains  ntar  Kaaters  Kill 

Gorge. 

The  rapidity  of  erosion  which  progresses  under  these  conditions  is  strikingly 
illustrated  in  the  Kaaters  kill  and  Plaaters  kill  gorges,  where  relatively  small  streams 
are  causing  the  rapid  recession  of  falls  and  deepening  of  the  valley.  Great  cham- 
bers are  rapidly  excavated  in  the  red  shale  beds,  and  although  their  roofe  are 
usually  of  heavy  beds  of  hard,  cross-bedded  sandstone,  these  soon  fall  as  the  under- 
mining advances.  The  Kaaters  kill  falls,  Haines  falls  and  &lla  of  the  Plaaters  kill 
are  high,  picturesque  falls,  which  exhibit  great  thicknesses  of  the  alternating  hard 
and  soft  beds.  The  newness  of  the  great  gorges  is  very  evident,  and  it  is  a  feature 
strikingly  in  contrast  with  the  wide,  elevated  depressions  of  the  Schoharie  branched 
which  the  enterprising  Kaaters  kill  and  Plaaters  kill  have  invaded. 

It  was  at  no  distant  date,  geologically,  when  the  two  lakes  west  of  the  Mountain 
House  drained  into  the  north  branch  of  Schoharie  creek  along  a  depression  which 
paJBsed  with  gentle  slope  along  by  D  and  E  (see  plate  23)  and  merged  into  the 
present  Schoharie  depression  at  the  present  divide,  three-quarters  of  a  mile  west  of 
Haines  falls. 

The  history  of  the  Plaaters  kill  invasion  was  quite  similar  and  is,  I  think,  clearlv 
indicated  on  the  map.  No  doubt  originally  there  were  high  gaps  in  the  Catskill 
front  where  the  Kaaters  kill  and  Plaaters  kill  gorges  now  lie,  which  gave  the  in- 
vaders advantage  over  the  other  streams  which  head  against  higher  portions  of  the 
front.  These  wind  gaps  occur  frequently  throughout  the  Catskills  and  are  relattni 
to  an  earlier  phase  in  the  topographic  development  of  the  mountains,  which  I  will 
not  discuss  here.    There  is  strong  suggestion  of  the  former  presence  of  a  gap  of  thu 
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character  in  the  g^entle  slope  extending  down  from  the  Kaaterskill  House  for  225 
feet  to  the  edge  of  the  very  steep  slopes  of  the  Kaaters  kill  gorge.  A  study  of  the 
map  will,  1  think,  furnish  various  further  evidences  to  the  same  end  along  both 
gorges. 

Glacial  influences  may  have  been  fS&ctors  in  the  development  of  the  gorges,  but  I 
do  not  believe  they  were  important  ones.  I  have  ascertained  that  during  the 
retreat  of  the  glacial  ice  the  Schoharie  drainage  was  ponded  by  successive  ice- 
dams  before  the  ice  had  retreated  beyond  the  confluence  of  the  Schoharie  and  the 
Mohawk  rivers.  This  gave  rise  to  long,  narrow  lakes  in  the  Schoharie  valley, 
which  at  one  time  outletted  into  the  Delaware  river  at  Grand  gorge,  a  narrow,  Jow 
divide,  at  an  altitude  of  1,574  feet.  Possibly  at  some  stage  of  the  ice-retreat  the 
upper  Schoharie  waters  were  dammed  so  high  that  they  flowed  out  through  the 
wind  gaps  in  the  east  front  of  the  mountain  and  gave  impetus  to  the  development 
of  the  Kaaters  kill  and  Plaaters  kill  gorges,  but  this  overflow  would  probably  have 
been  very  transitory  and  not  of  important  influence. 

I  did  not  notice  any  stratified  drift  in  the  depression  above  Tannersville,  but  the 
valley  contains  more  or  less  till  up  to  and  across  the  divide.  The  drift-filling  ap- 
pears to  slope  to  the  westward. 

Mr  Darton's  paper  was  discussed  by  W.  M.  Davis  and  the  President. 
The  following  paper  was  then  read  : 

MOVEMENTS  OF  ROCKS  UNDER  DEFORMATION 

BY  C.   R.   VAN   HISE 

This  paper  was  discussed  by  several  Fellows :  A.  C.  Lane,  H.  F.  Reid, 
J.  F.  Kemp,  B.  K.  Emerson,  J.  P.  Iddings  and  Bailey  Willis.  The  paper 
is  published  in  the  Fourteenth  Annual  Report  of  the  Director  of  the 
U.  S.  Geological  Survey,  pages  589-603. 

The  next  paper  was  entitled  : 

PROOFS  OF  THE  RISING  OF  THE  LAND  AROUND  HUDSON  BA  Y 

BY   ROBERT  BELL 

The  paper  was  discussed  by  G.  K.  Gilbert,  the  President  and  the 
author. 

The  title  of  the  next  paper  was  : 

POSSIBLE  DEPTH  OF  MINING  AND  BORING 
BY   ALFRED  C.    LANE 

Remarks  were  made  by  C.  R.  Van  Hise  and  the  President.  The  paper 
will  be  published  in  Mineral  Industries,  issued  by  the  Engineering  and 
Mining  Journal. 
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The  last  paper  of  the  session  was  entitled : 

NOTES  ON  OLACISRS 
BY   HARB7   FIELDING   REID 

lAbalracl'] 

1.  The  request  made  last  year  for  observations  on  the  advance  or  retreat  of 
American  glaciers  has  brought  but  few  responses ;  these,  however,  show  that  the 
Carbon  river  and  North  Puyallup  glaciers  on  mount  Rainier  and  the  Illecellewaet 
glacier  in  the  Selkirk  mounta  ins  are  retreating. 

2.  If  we  consider  a  glacier  in  eqyiilibrium,  the  amount  of  ice  flowing  through  any 
section  in  a  year  must' equal  the  ice  added  to  the  glacier  above  that  section  ia  the 
same  time.  This,  in  connection  with  the  &ct  that  there  is  actual  accumulation  in 
the  reservoir  and  melting  in  the  dissipator  (the  region  below  the  nM  line),  show>« 
that  the  flow  must  be  greatest  in  the  nei>;hborhood  of  the  nctie  line  and  must  di- 
minish as  we  ascend  or  descend  the  glacier  from  that  region.  This  law  of  flow  ig 
exact  and  must  replace  the  similar  empirical  rule  of  velocity  first  stated  by  Desor. 
It  is  inferred  that  the  greatest  flow  in  the  ice-sheet  of  the  Glacial  period  must  have 
been  near  the  n<^v^  line,  and  that  this  was  much  nearer,  to  the  outer  edge  of  the 
sheet  than  to  the  center  of  distribution.  In  general,  the  velocity  will  be  greatest 
where  the  flow  is  greatest. 

3.  A  consideration  of  the  flow  in  a  glacier  of  indefinite  length  resting  on  a  Ited 
of  uniform  slope  leads  to  the  conclusion  that  with  ordinary  glaciers  the  parts  near 
the  end  must  owe  some  of  their  motion  to  pressure  from  behind.  This  has  beim 
generally  believed,  but  not  clearly  reasoned  out. 

4.  As  a  result  of  this  pressure  there  must  be  in  the  dissipator  a  motion  of  the  ice 
away  from  the  bed.  In  the  reservoir,  on  the  contrary,  there  is  a  motion  towani 
the  bed.  We  are  enabled  to  draw  approximately  the  lines  of  flow  followed  by  the 
ice  from  the  time  of  its  dexx)sition  as  snow  to  the  time  of  its  melting,  and  also  to 
show  the  positions  occupied  by  the  successive  strata. 

5.  If  we  knew  the  distribution  of  velocity  and  of  melting  we  could  calculate  the 
form  of  the  glacier's  surface.  The  vertical  or  overhanging  ends  of  some  Greenland 
glaciers  described  by  Professor  Chamberlin  during  the  past  year  are  due  to  the  larv'e 
quantity  of  debris  in  their  lower  layers,  causing  more  rapid  melting  there. 

6.  Glaciers  are  rarely  in  complete  equilibrium  with  their  surroundings.  The  re- 
lations establishing  the  form  of  the  surface  bring  about  a  state  of  unMabU  equilil>- 
rium,  and  this  would  lead  us  to  expect  the  great  fluctuations  in  the  extent  of  glaciers 
which  we  Iwtually  observe. 

The  paper  was  discussed  by  G.  F.  Wright,  R.  D.  Salisbury,  W.  N.  Rico 
and  the  President.  The  paper  will  be  published  in  full  in  the  Journal 
of  Geology. 


The  Society  then  adjourned.     No  evening  session  was  held. 
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Session  of  Saturday.  December  28,  1895 

The  Society  was  called  to  order  by  the  President  at  10  o'clock  a  m. 

The  following  resolution  was  unanimously  adopted : 

*^Jtegolved,  That  the  Geological  Society  of  America  sends  its  hearty  greetings  to 
our  honored  Fellow,  J.  P.  Lesley,  the  veteran  geologist  of  Pennsylvania,  whose 
vast  labors  have  furnished  the  people  with  a  clear  and  comprehensive  knowledge 
of  the  geological  structure  of  this  great  State.  We  regret  that  enfeebled  health 
prevents  him  from  meeting  with  us,  and  we  send  him  our  cordial  sympathy  and 
best  wishes  and  respects." 

The  reading  of  papers  was  declared  in  order,  and  the  first  paper  was 
the  following : 

THE  RELATION  BETWEEN  ICE-LOBES  SOUTH  FROM  THE  WISCONSIN  DRIFTLESS 

AREA 

BY   FRANK   LKVERSTT 

The  paper  was  discussed  by  R.  D.  Salisbury,  G.  F.  Wright  and  the 
President.  The  substance  of  this  paper  and  the  one  following  will  be 
published  as  a  bulletin  of  the  U.  S.  Geological  Survey  under  the  title : 
The  Illinois  glacial  lobe. 

A  proposition  to  divide  the  Society  into  two  sections  for  the  remainder 
of  the  program  was  not  carried. 

The  second  paper  was  by  the  same  author  as  the  preceding : 

THE  LOESS  OF  WESTERN  ILLINOIS  AND  SOUTHEASTERN  IOWA 

BY    FRANK    LEVERETT 

Remarks  were  made  by  G.  K.  Gilbert,  B.  K.  Emerson,  R.  D.  Salisbury 
and  the  President. 

The  third  paper  was  entitled  : 

HIGH-LEVEL  TERRACES  OF  THE  MIDDLE  OHIO  AND  ITS  TRIBUTARIES 

BY   E.    FREDERICK   WRIGHT 

The  discussion  was  participated  in  by  I.  C.  White,  Frank  Leverett, 
the  President,  Angelo  Heilprin  and  G.  K.  Gilbert.  A  summary  of  this 
paper  is  published  in  the  American  Geologist,  February,  volume  xvii, 
1896,  pages  103,  104. 

LXI— Bull.  Qbol.  Soc.  Am.,  Vol.  7,  1895. 
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The  fourth  paper  was  read  by  the  Secretary : 

FOUR  GREAT  K A. ME  AREAS  OF  WESTERN  NEW    YORK 

BY   H.    L.    FAIRCHILD 

The  paper  is  publislied  in  the  Journal  of  Geology,  volume  iv,  Feb- 
ruary->|arch,  1896,  pages  129-159. 

The  next  paper  was  read  by  title : 

PREGLACIAL   AND   POSTGLACIAL    VALLEYS    OF    THE    CUYAHOGA    AND   ROCKY 

RIVERS 

BY   WARRBN   UPUAM 

The  paper  is  printed  as  pages  327-348  of  this  volume. 
The  following  paper  was  then  read : 

PALEOZOIC  TERRANES  IN  THE  CONNECTICUT  VALLEY 

BY  C.   H.    HITCIIOOCK 

Contenis 

PftRC 

Introduction ^.^ 510 

Revision  of  the  arrangement  of  the  argillite.«i 610 

Hornblende-flchist 511 

Protogene 511 

Paleontology ^ 611 

Correlation «..  512 

Introduction 

Since  the  teniiination  of  the  geological  survey  of  New  Fiampshire  in  1878  the 
author  has  incidentally  investigated  the  structure  of  the  Connecticut  Valley  terranes 
and  desires  to  place  on  record  a  few  important  6onclu8ion8. 

Revision  of  tub  Arranqbmbnt  of  thb  Argillitgs 

It  is  believed  that  one  band  underlies  and  the  other  overlies  the  calciferous  mica- 
schist.  The  lowest  one  has  not  been  traced  farther  south  than  Barnard  and  Hart- 
land,  Vermont,  localities  which  represent  two  outcrops  of  the  same  terrane,  twenty- 
five  miles  or  more  ajmrt,  but  dipping  toward  each  other.  The  more  western  range 
carries  the  North  field  quarries,  and  with  an  interruption  in  the  La  Moille  valley 
passes  into  Canada  along  lake  Memphremagog.  Quarries  have  been  wrought  in  the 
eastern  band  at  North  Thetford  and  Kirby,  Vermont.  Both  ranges  rest  npon 
hydromica-schist  and  underlie  the  calciferous  mica-schist. 

The  newer  terrane  embraces  the  rest  of  the  "Cambrian  slate'*  of  my  rejwrt, 
together  with  the  staurolitic  and  garnetiferous  slates  called  Coos.     The  two  were 
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separated  in  obedience  to  the  principle  that  similar  rocks  belonged  to  the  same 
age,  while  dissimilar  rocks  belonged  to  different  ages.  It  now  seems  probable  that 
an  argillite  may  under  certain  conditions  develop  staurolite,  andalusite,  garnet  and 
other  minerals.  This  newer  argillite  enters  Vermont  from  Massachusetts  in  Guil- 
ford and  Vernon,  and  may  be  traced  northerly  to  the  southern  part  of  Coos  county. 
New  Ham|)6hire,  and  perhaps  farther.  The  most  important  feature  of  delineation 
is  the  connection  of  the  Guilford  slate  with  a  part  of  the  Cof)S  group  in  Charlestown, 
New  Hampshire,  which  in  turn  joins  a  band  of  slate  reaching  to  the  north  line  of 
the  southwest  sheet  of  the  general  map,  })as8ing  through  Claremont.  I  find  it  is 
continuous  still  farther,  at  the  expense  of  the  Coos  group,  through  Cornish,  Han- 
over and  Lyme,  New  Hampshire.  It  is  probable  that  the  synclinal  area  of  slate  in 
Bath  and  Lyman,  New  Hampshire,  retains  the  same  structure  into  Littleton  and 
Dalton,  constituting  the  principal  portion  of  the  Blueberry  mountain  range.  None 
of  this  carries  staurolite,  but  the  segment  carrying  this  mineral  very  prominently 
lies  upon  the  east  side  of  the  Lower  Ammonoosuc  river  in  Lisbon,  and  is  entirely 
separated  from  the  former.  For  the  tracing  out  of  the  slates  in  Charlestown  I  am 
indebted  to  Mr.  G.  D.  Hull. 

HORNBLENDB-SCH IST 

In  the  neighborhood  of  Hanover  this  rock  occurs  in  igneous  bunches,  varying  in 
size  from  a  peck-measure  to  a  mass  ten  miles  long.  Planes  of  foliation  traverse 
these  masses  with  a  quite  constant  inclination  of  fifty  degrees  northwesterly.  On 
the  northwest  side  of  the  principal  range  the  schist  comes  successively  in  contact 
with  mica-schist,  hydromica-schist,  argillite  and  chlorite -schist,  all  of  which  have 
been  altered  through  heat  into  vitrified  and  indurated  rocks,  usually  richer  in  silica 
than  when  unaltered.  On  the  southeast  side  the  adjacent  rock  is  invariably  mica- 
schist  somewhat  indurated.  It  is  supposed  the  foliation  is  induced  by  pressure 
exerted  at  right  angles  to  the  dipping  planes,  but  as  there  is  no  apparent  material 
above  the  hornblende  to  act  as  a  weight,  it  is  conceivable  that  a  great  mass  of  mica- 
schist  once  occupied  the  place  and  has  since  been  removed  by  erosion.  In  the 
smaller  bunches  both  walls  are  present  and  their  agency  is  apparent ;  hence  the 
present  attitude  of  the  igneous  hornblende  is  like  that  of  the  modern  laccolite  where 
the  cap  has  been  worn  away. 

Protookne 

The  areas  of  protogene  gneiss  prove  to  be  eruptive  because  they  contain  abundant 
inclusions  of  mica-schist,  the  inclosing  rock.  They  are  the  Hanover-Lebanon  and 
the  North  Lisbon  end  of  the  areas,  colored  Bethlehem  gneiss  upon  the  map.  They 
were  called  Archean  in  the  report  with  the  approval  of  Professor  J.  D.  Dana  for  the 
one  and  of  Dr  T.  Sterry  Hunt  for  the  other.    The  foliated  planes  are  obscure. 

Paleontology 

The  removal  to  the  igneous  category  of  the  foliated  hornblende-schists,  diorites, 
diabases  and  two  kinds  of  protogene,  most  of  which  had  been  classed  with  the  Hu- 
ronian,  will  simplify  the  determination  of  the  age  and  relations  of  the  schists  asso- 
ciated with  the  fossiliferous  terranes  in  Lisbon  and  Littleton.  Niagara  fossils,  such 
as  HalysUeSf  Pentamenis  nysius  and  Datttiania  limuiuruSf  occur  there  upon  sediments 
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partially  converted  into  schists.    The  Swift  Water  series  of  the  report  will  probably 
be  found  intimately  connected  with  the  fossiliferous  bands. 

Correlation 

It  is  worthy  of  note  that  the  Canadian  geologists  now  refer  the  extension  of  the 
calciferous  mica-schist  to  the  Cambro-Silurian  because  of  the  presence  of  Trenton 
graptolites  as  determined  by  Lapworth.  The  earlier  determination  of  Niagara  wa& 
based  upon  outlying  patches,  which  are  now  supposed  to  rest  upon  the  older  rock 
and  not  incorporated  with  it.  The  terranes  referred  to  the  Green  Mountain  gneiss 
and  Huronian  in  my  report  become  pre-Cambrian,  and  Cambrian  as  they  pass  into 
Canada.  * 

Remarks  were  made  by  B.  K.  Emerson. 
The  next  paper  was  entitled : 

THE  DEVONIAN  FORMATIONS  OF  THE  SOUTHERN  APPALACHIANS 

BY  C.    WILLARD   HAYES 

Remarks  were  offered  by  D.  W.  Langdon,  Jr.,  J.  J.  Stevenson,  Arthur 
Keith,  C.  R.  Van  Hise  and  H.  S.  Williams.  The  paper  will  be  published 
in  the  Journal  of  Geology  during  the  coming  summer. 

The  next  two  papers  were  read  by  the  author,  with  no  intermission. 

NOTES  ON  RELATIONS  OF  LOWER  MEMBERS  OF  THE  COASTAL  PLAIN  SERIES  /.V 

SOUTH  CAROLINA 

BY   N.    H.    DARTON 

Contents 

Introduction •• 512 

Statement  of  former  and  present  views 513 

Coastal  Plain  sectionH  in  South  Carolina «, 513 

The  formations  and  their  characteristics « , „..  5n 

Potomac  formation „..  6H 

Marine  Cretaceous  formation „ 5lT 

Eocene  formations 517 

Miocene  formations , 518 

Lafayette  formation ^ «.  518 

Columbia  formation , ^..... ........  518 

Introduction 

Our  principal  knowledge  of  the  geology  of  South  Carolina  Is  derived  from  studies 
made  by  Professor  Tuomey  a  half  century  ago.f  Tuoniey's  investigations  covered 
the  greater  portion  of  the  Coastal  Plain  area  of  the  state  before  the  geological 
survey  was  discontinued,  and  while  the  relations  of  many  of  the  formations  were 

*  Bull.  Geo).  Soc.  Amer.,  vol.  1,  p.  453. 

t  Report  on  the  Geology  of  the  State  of  South  CaroUna,  1846. 
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* 

determined,  several  very  important  features  were  not  ascertained.    These  relate 
mainly  to  the  lower  memhers  which  lie  on  the  east-dipping  floor  of  crystalline  rocks. 

Statement  of  former  and  present  Views 

During  the  paat  two  years  I  have  given  considerable  attention  to  the  question  of 
artesian  water  supply  on  the  Atlantic  slope,  and  last  winter  found  it  necessary  to 
visit  eastern  South  Carolina  for  a  brief  study  of  the  conditions  in  that  region.  As 
the  lower  formations  of  the  Coastal  Plain  series  promised  to  be  important  water- 
bearers  I  paid  special  attention  to  their  characteristics  and  relations.  From  the 
descriptions  by  Tuomey  it  would  appear  that  the  Eocene  formation  includes  in  its 
lower  portion  a  series  of  clays  and  sands  which  lie  directly  on  the  granite  in  the 
southern  portion  of  the  state,  while  to  the  northward  the  Cretaceous  marls  emerge 
from  beneath  the  edge  of  medial  Eocene  beds.  The  formations  underlying  the 
Cretaceous  marls  were  not  fully  described,  and  apparently  they  were  also  supposed 
to  pass  under  the  overlapping  series  of  sands  and  clays  of  the  lower  Eocene,  which 
is  stated  to  lie  directly  on  the  granite  in  all  the  region  south  of  the  Wateree  river. 

From  a  study  of  this  problem  in  the  field  I  find  that  the  so-called  basal  members 
of  the  Eocene  are  not  Eocene  at  all,  but  are  representatives  of  the  Potomac  forma- 
tion, and  this  formation  extends  northward  beneath  the  marine  Cretaceous  marls, 
of  which  the  edge  emerges  from  under  the  Eocene  north  of  the  Wateree  river. 
•Thus  it  was  found,  as  suggested  several  years  ago  by  McGee,  that  there  is  a  con- 
tinuous sheet  of  Potomac  formation  lying  on  the  crystalline  rocks  throughout  South 
Carolina.  To  the  southward  it  is  overlain  by  the  Eocene  formation  and  to  the 
northward  by  a  gradually  increasing  thickness  of  the  marine  Cretaceous  marls, 
which  also  thicken  to  the  southeastward  out  under  the  Coastal  Plain,  as  shown  by 
their  great  mass  in  the  wells  at  Charleston. 

Coastal  Plain  Sections  in  South  Carolina 

In  the  three  sections  comprised  in  figure  2  (page  514),  I  have  attempted  to  present 
the  matter  as  clearly  as  possible  and  to  bring  together  all  available  data  on  the 
structure  of  the  Coastal  Plain  portion  of  South  Carolina. 

The  new  information  in  these  sections  is  derived  from  a  study  of  the  outcrop  belt 
of  the  Potomac  formation  and  from  records  and  samples  of  artesian  well  borings. 
As  there  is  now  considerable  prospect  that  wells  will  soon  be  bored  in  many  places 
in  eastern  South  Carolina,  it  is  probable  that  at  no  distant  time  data  will  be  ob- 
tained which  will  fully  illustrate  the  undei^round  structure  of  the  region. 

The  Formations  and  their  Characteristics 

The  principal  formations  of  the  Coastal  Plain  series  in  South  Carolina  are  as  fol- 
lows : 

Formations.  CharaeterUtics. 

Columbia.  Gray  sands,  etcetera. 

Lafayette.  Orange  loams. 

Miocene.  Sands  and  marls. 

Eocene.  Buhrstone  below,  marls  above. 

Marine  Cretaceous.  Marls,  sands  and  clays. 

Potomac.  Sands,  sandstones  and  clays. 
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Potomac  FoRMATioy 

Professor  Tuomey  described  in  considerable  detail  many  of  the  more  prominent 
outcrops  of  this  formation  in  the  southern  portion  of  the  state,  but,  as  explaine^i 
above,  regarded  it  as  the  lower  member  of  the  Eocene.  It  outcrops  in  a  belt  foar 
or  five  miles  in  width  which  extends  from  Au^sta,  Geor^gia ;  through  Aiken ;  sootb 
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of  I^exington;  through  Columbia,  and,  I  find,  continuously  into  North  Carolin* 
via  Camden  and  Clieraw.  The  basal  beds  are  mainly  coarse  sands,  with  pebblej?, 
which  to  the  southward  are  sometimes  consolidated  to  a  soil  sandrock.  Finer 
sands  and  clays  occur  higher  up  in  the  formation,  and  it  is  these  that  are  usually 
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overlain  by  the  Eocene  buhrstone  to  the  southward  and  by  the  marls  of  the  marine 
Cretaceous  north  of  the  Wateree  river.  The  formation  is,  however,  very  irregular 
in  8trati>a^phy,  and  clays  occur  at  low  horizons  at  some  points,  while  near  Con- 
garee  creek,  south  of  Lexington,  I  observed  the  Eocene  beds  lying  on  cross-bedded 
sandstones  which  merge  into  a  kaolinic  arkose  on  the  one  hand  and  into  white 
clays  on  the  other.  This  kaolinic  arkose,  as  I  have  termed  it,  is  a  remarkable  rock. 
It  is  pure  white  in  color,  and  although  quite  hard  it  contains  a  very  large  propor- 
tion of  true  kaolin,  intermixed  with  quartz-sand  and  much  white  mica. 

The  Potomac  outcrops  which  I  visited  are  at  Hamburg,  opposite  Augusta ;  Aiken ; 
Congaree  creek,  near  Lexington  ;  Columbia ;  the  region  about  the  junction  of  the 
Wateree  and  Congaree  rivers ;  Camden,  and  Cheraw,  and  I  made  a  boat  voyage 
down  the  Peedee  river  from  Cheraw  to  Mare  bluff. 

The  exposures  about  Hamburg  extend  for  alx^ut  a  mile  along  the  face  of  the  steep 
alope  which  rises  from  the  edge  of  the  flood-plain  of  the  Savannah  river  to  the 
general  plateau  level  above.  To  the  westward  the  underlying  crystalline  rocks  may 
be  seen  rising  gradually  above  the  river,  with  an  irregular  shoreline,  and  the 
feather  edge  of  the  Potomac  formation  was  found  near  the  upper  bridge  to  Augusta. 
The  high  plateau  has  a  heavy  mantle  of  typical  orange  loam  of  the  Lafayette  for- 
mation which  extends  for  some  distance  west  of  Hamburg  over  the  crystalline 
rocks.  The  Potomac  beds  consist  of  a  great  mass  of  irregularly  cro68-bedded3  light 
irolored  sands  containing  scattered  pebbles  of  quartz  and  occasional  scattered  streaks 
of  sandy  pebble  beds.  To  the  eastward  as  the  upper  beds  come  in  they  are  seen 
to  be  flner  grained  and  to  include  beds  and  streaks  of  light  colored  clays,  sands  and 
sandy  clays.  Farther  down  the  river  there  are  occasional  showings  of  the  forma- 
tion, notably  at  Silver  bluff  and  up  Hollow  creek,  which  empties  into  the  river  in 
this  vicinity.  In  these  exposures  Tuomey  has  described  beds  of  darker  clays,  and 
lignite  deposits. 

At  Aiken  there  are  excellent  exitosures  of  the  Potomac  beds  in  the  railroad  cuts. 
They  extend  from  the  granite  in  the  valley  of  Horse  creek  to  the  heavy  mantle  of 
Lafayette  formation  which  caps  the  high  plateau  on  which  the  town  of  Aiken  is 
built  The  Potomac  materials  are  similar  to  those  exhibited  along  the  Savannah 
river,  but  are  all  of  light  color.  Some  of  the  lower  beds  are  lithifled.  At  the  top 
there  is  a  bed  of  white  sandy  clay,  about  30  feet  thick,  which  is  locally  termed 
chalk.  I  was  unable  to  And  the  western  edge  of  the  Eocene  buhrstone  along  the 
face  of  the  slope  at  Aiken,  as  reported  by  Tuomey,  but  it  is  found  in  wells  and 
depressions  a  short  distance  eastward. 

Along  Congaree  creek,  six  miles  southeast  of  Lexington  station,  Potomac  clays, 
sands  and  sandstones  are  extensively  exhibited,  notably  at  the  "Rock  house,'' 
which  is  an  irregular  line  of  cliffs  of  sandstone.  This  sandstone  is  partly  of  the 
kaolinic  character  described  above.  Tuomey  reported  fossils  in  the  upper  beds  in 
this  vicinity,  but  stated  that  they  were  too  fragmentary  for  identification.  I  made 
a  long  search  for  organic  remains  over  a  considerable  area  about  the  "  Rock  house," 
but  found  nothing  of  moUuscan  nature.  Portions  of  the  soft,  kaolinic  sandstone 
Hhow  impressions  of  mica  plates,  which  are  often  quite  large  and  so  curved  as  to 
snggest  impressions  of  fragments  of  shells,  but  they  are  clearly  not  of  organic 
origin.  The  edge  of  the  buhrstone  was  found  at  a  short  distance  south,  lying  on 
white  clays  and  sands  of  typical  Potomac  character. 

In  the  immediate  vicinity  of  Columbia  there  are  several  small  outcrops  of  the 
Potomac  beds  presenting  the  usual  characteristics.     Down  the  Congaree  there  are 
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exposures  in  many  small  side  branches,  particularly  in  those  which  flow  from 
the  southward.  These  hea<i  in  a  plateau  of  Eocene  overlain  by  the  Lafityette 
fonnation,  and  they  cut  more  or  less  deeply  into  clays  and  sands  of  the  Potoroar 
formation  before  they  reach  the  low,  swampy  flats  adjoining  the  river.  At  Fort 
Motte  there  is  a  high  bluff  lying  a  short  way  back  from  the  river,  in  which  tlie 
Potomac  beds  are  seen  overlain  by  the  Eocene  marls  and  dark  clays  containing 
abundant  fossils. 

In  my  trip  down  the  Peedee  river  from  Cheraw  I  traveled  in  a  small  skiff,  and 
although  I  made  a  careful  search  for  outcrops  I  found  very  few.  It  was  not  long 
after  a  freshet  and  the  water  was  still  quite  high,  so  that  possibly  a  greater  num- 
ber of  exposures  would  have  been  seen  at  low  water.  Low  banks  of  Columbin 
formation  and  wide  areas  of  swamps  were  the  only  features  that  I  observed  except- 
ing a  short  scarp  at  Gardners  bluff*,  10  miles  below  Cheraw,  and  Hunts  bluff,  2i) 
miles  farther  down.     In  Gardners  bluff  the  following  section  was  noted  : 

1.  Orange  and  buff  sand  loam 5  fwt 

2.  Orange  sand  with  pebbles,  cross-bedding 6 

3.  Coarse  gray  sand  with  buff  streaks 5 

4.  Coarse  gray  sand,  somewhat  cross-bedded;  lines  of  clay  and   quartz 

pebbles 10 

5.  Fine  gray  sandy  clay,  massive ;  contains  indistinct  lenses  of  purer  clay. .    8 

Numbers  2  and  3  are  sharply  separated  throughout  by  a  slightly  waving  line : 
numbers  4  and  5  are  separated  by  a  moderately  sharp  break,  which  is  quite  irregu- 
lar at  several  points.  Beds  1  and  2  are  probably  Lafayette  in  age  and  the  under- 
lying deposits  are  undoubtedly  Potomac  formation.  At  Hunts  bluff  there  is  a  20- 
foot  exposure  for  about  200  feet  along  the  northeast  bank  of  the  river.  At  its  base 
it  exhibits  gray,  cross-bedded  sands,  with  a  few  scattered  quartz  pebbles;  next 
there  is  an  irregular  bed  of  pebbly  sands  and  then  stratified  gray  to  brown  sand?, 
merging  upward  into  brown-buff  loams  at  the  surface.  The  basal  beds  apj^ear  t«> 
be  Potomac,  but  the  evidence  is  not  conclusive.  A  short  distance  eastward  in  the 
higher  lands  about  Bennettsville  there  are  observed  the  marls  of  marine  Cretaceous 
age,  which  overlies  these  Potomac  beds.  The  marls  come  to  the  river  bank  at 
Mars  bluff,  below  the  railroad  bridge,  10  miles  east  of  Florence,  in  a  fine  series  of 
exposures  which  have  been  briefly  described  by  Tuomey.  The  Potomac  bedstherv 
are  sands  and  clays  of  the  usual  character,  and  they  pass  Ijeneath  the  river  a  short 
distance  below.  The  marine  Cretaceous  marl  and  marlstone  contain  abundant 
distinctive  fossils,  and  they  are  in  turn  overlain  by  fossiliferous  Eocene  marlstone 
for  some  distance. 

Several  deep  wells  in  South  Carolina  have  penetrated  the  Potomac  beds  and 
their  records  throw  some  additional  light  on  the  relations.  The  well  in  the  villajpe 
of  Aiken  was  bored  through  the  formation  at  a  point  near  the  western  edge  of  the 
Eocene,  and  consequently  it  exhibits  the  fall  thickness  of  the  Potomac.  The  fol- 
lowing record  is  given : 

0-45    feet  red  clay.     Lafayette. 

45-100    "    sand. 
100-130    **    **  chalk."    Mixture  of  fine  white  sand  and  kaolin.   }>  Potomac. 
130-465    "    sand  and  soft  sandstone ;  some  clay. 
465-741    **    granite.  J 

A  well  at  Florence,  having  a  depth  of  1,335  feet,  passed  through  Miocene,  marine 
Cretaceous  and  Potomac  formations,  and  at  608  feet  entered  typical  red  sandstone 
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of  the  Newark  formation.  The  Potomac  beds  begin  at  a  depth  of  about  110  feet, 
as  nearly  as  I  can  reco^viiize  tliem,  and  consequently  have  a  thickness  of  about  500 
feet.  They  consist  of  gray  sands  in  greater  parts,  presenting  considerable  variety 
in  coarseness.  Considerable  lignite  was  reported,  but  no  clay  appeared  in  the  few 
Hainples  of  borings  which  were  saved.  For  the  well  at  Marion  I  was  unable  to 
obtain  many  definite  data,  but  learned  that  the  lower  members  of  the  Coastal  Plain 
series  were  alternating  beds  of  sand  and  tough  clay,  and  that  their  floor  of  crystal- 
line rock  was  found  at  a  depth  of  700  feet.  At  Darlington  the  Potomac  sands  were 
found  underlying  the  Cretaceous  marls,  but  the  depth  of  the  contact  was  not  ascer- 
tained. At  Orangeburg  the  Potomac  sands  were  entered  for  some  distance  in  a 
well  which  has  a  depth  of  1,160  feet.  I  was  only  able  to  obtain  meager  informa- 
tion for  this  well,  and  could  not  determine  the  nature  or  age  of  the  beds  which  lie 
next  above  the  Potomac  sands,  but  I  should  expect  them  to  include  a  considerable 
portion  of  the  marine  Cretaceous  marls  which  extend  from  430  to  over  1,800  feet 
in  the  Charleston  well.  I  might  here  add  that  I  am  strongly  inclined  to  believe 
that  at  least  a  portion  of  the  lower  beds  in  the  Charleston  wells  may  represent  an 
offshore  phase  of  the  Potomac  formation.  However,  as  higher  Cretaceous  mol- 
luscan  remains  were  reported  from  a  depth  of  1,955  feet  in  the  first  well,  the 
water-bearing  sands  and  sandstones  from  1,960  to  1,980  feet  may  be  the  top  of  the 
Potomac  formation.  « 

Although  I  ob8er\'ed  plant  remains  in  the  Potomac  beds  at  many  points  *  which 
would  no  doubt  settle  any  question  as  to  the  age  of  the  beds,  I  have  depended  en- 
tirely on  the  structural  relations  and  physical  characteristics  for  my  correlation  of 
the  formation.  There  could  not  be  any  doubt  as  to  the  continuity  of  the  great 
series  of  sands,  clays  and  sandstones  which  underlie  both  the  Eocene  buhrstone 
and  the  Cretaceous  marls  and  lie  on  the  surface  of  the  crystalline  rocks.  As  this 
series  lies  below  quite  oM  marine  Cretaceous  and  above  the  Newark  formation, 
the  most  obvious  correlation  would  be  wuth  the  Potomac  formation,  which  occupies 
this  position  for  hundreds  of  miles  along  the  Atlantic  slope,  and  moreover  their 
physical  characteristics  fully  bear  out  the  correlation.  Of  course  in  speaking  of  the 
Potomac  formation  I  refer  to  that  formation  as  a  whole,  comprising  the  Tuscaloosa 
beds,  which  I  believe  are  eventually  to  be  separated  as  an  independent  formation. 

MarinR"  Cretaceous  Formation 

I  have  nothing  of  general  interest  to  add  to  the  statements  of  Tuomey  regarding 
the  Cretaceous  marls  and  clays,  for  I  did  not  extend  my  observations  very  far  into 
their  area.  The  formation  appears  to  thin  out  before  reaching  the  Wateree  river, 
and  on  Black  river  it  appears  to  be  buried  under  the  Tertiary,  excepting  possibly 
for  a  short  distance  near  Kingstrce,  where  it  is  indicated  on  the  geologic  map  issued 
in  1883.  The  enormous  expansion  of  the  formation  in  the  well  at  Charleston  is  a 
rather  surprising  feature,  but,  as  above  suggested,  it  is  possible  or  even  probable 
that  the  lower  beds  in  this  well  are  ofishore  deposits  of  Potomac  age. 

Eocene  Formations 

The  lowest  Eocene  beds  westward  are  the  buhrstone  and  some  argillaceous  marls 
which  underlie  the  buhrstone  at  certain  localities.    To  the  eastward  there  are  sev- 


*  I  hnve  been  informed  by  Professor  Lester  F.  Ward  thnt  he  has  dincovered  plant  remains  of 
Pot-omac  age  in  the  extension  of  these  beds  in  North  Carolina  on  the  Cape  Fear  river  and  also  at 
varioas  points  in  eastern  Alabama. 

LXII— BvLL.  GsoL.  SoG.  Ak.,  Vou  7,  1895. 
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eral  hundred  feet  of  overlying  marls,  and  the  buhrstone  appears  to  lose  its  char- 
acteristics in  the  extreme  eastern  part  of  the  state.  In  the  northern  portion  of  the 
state  the  Eocene  formations  thin  rapidly  as  the  marine  Cretaceous  beds  rise  to  the 
surface,  and  they  are  finally  represented  by  thin  outliers,  often  lying  quite  widely 
scattered  over  the  irregular  surface  of  the  Cretaceous  marls.  The  western  edge  of 
the  buhrstone  passes  from  Aiken  to  within  10  miles  of  Columbia,  and  tbenoetothe 
eastward  to  below  the  confluence  of  the  Congaree  and  Wateree  rivers.  In  the  welU 
at  Charleston  the  Eocene  members  have  a  thickness  of  about  370  feet,  and  are  sup- 
posed to  lie  at  about  ()0  feet  below  the  surface.  They  there  consist  of  marls  of  vari- 
ous kinds,  which  are  mainly  argillaceous  above  and  more  calcareous  below.  The 
buhrstone  is  a  very  hard  silicious  rock,  often  15  to  20  feet  thick,  and  usually  filled 
with  shells.  The  overlying  marls  and  marlstones  are  known  as  the  Santee  bedst 
which  consist  mainly  of  light  colored  marls,  with  some  beds  of  marlstone  of  con- 
siderable extent,  and  the  Ashley  and  Cooper  marls,  which  are  of  darker  color. 

MiocBNK  Formations 

The  Miocene  deposits  consist  of  sands  and  marls,  which  occur  in  scattered  areas 
mainly  in  the  northern  and  eastern  counties.  Lately  Dr  l>all  has  found  evidence 
that  the  phosphate  deposits  are  also  of  this  age.  The  thickness  of  the  sands  and 
marls  is  usually  not  over  30  feet,  and  they  he  on  an  irregular  surface  of  the  Eocene 
or  marine  Cretaceous  formations. 

Lafayette  Formation* 

This  is  a  superficial  mantle  of  orange  sands  and  loams  which  covers  the  higher 
plateau  regions.  The  elevation  of  this  plateau  is  about  650  feet  along  the  western 
border  of  the  coastal  plain.  There  it  has  a  thickness  of  from  30  to  80  feet,  and  iti 
more  loamy  portions  give  rise  to  the  greater  part  of  the  "  Red  Hills."  Its  eastern 
extension  has  not  been  traced,  but  it  is  thought  to  be  the  same  as  some  of  the 
younger  Pliocene  marls. 

> 

Columbia  Formation 

This  is  a  thin  capping,  mainly  of  sands  and  loams,  which  covers  the^lower  lands 
and  appears  to  extend  as  high  as  400  feet  or  more  in  the  higher  region,  giving  rise 
to  some  portions  of  the  ''Sand  hills." 

R&SUM&  OF  GENERAL  STRATIORAPHIC  RELATIONS  IN  THE  ATLANTIC  COASTAL 

PLAIN  FROM  NEW  JERSEY  TO  SOUTH  CAROLINA 

BY  N.   H.   DARTON 

Remarks  were  made  by  D.  W.  Langdon,  Jr.    An  abstract  of  the  latter 
paper  is  published  in  the  American  Geologist,  volume  xvii,  page  108. 

•  Described  at  several  localities  by  McGee.    Twelfth  Annaal  Report  of  the  Director  of  the  U.  S. 
Geol.  Survey,  189'/,  pp.  347-^21. 
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The  following  paper  was  then  read : 

SOME  STAGES  OF  APPALACHIAN  EROSION 
BY   ARTHUR  KEITH 

Contents 

Page 
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Features  of  the  Tennessee  basin '. 622 

Peneplain  groups  « 622 

Clinch  section 623 

Unaka-Blue  Ridge  section 623 

Suramnry • 624 

Introductoby 

In  the  southern  Appalachians  the  phenomena  of  suhaerial  erosion  are  shown 
under  every  phase  except  those  of  arid  and  g:lacia1  conditions  and  in  nearly  every 
stage  of  development  from  alpine  forms  to  complete  reduction.  The  work  of 
degradation,  which  is  controlled  by  the  characteristic  features  of  Appalachian 
structure  and  stratigraphy,  itself  emphasizes  these  features  most  strongly.  Various 
publications  have  been  made  of  facts  and  theories  connected  with  the  erosion  and 
uplift  of  the  Appalachians.  Willis  *  has  described  a  characteristic  Appalachian 
baselevel  plain ;  Davis  t  has  published  theories  and  descriptions  of  peneplains  in 
New  Jersey  and  Pennsylvania ;  Hayes  and  Campbell  J  have  published  a  descrip- 
tion, with  a  theory  of  the  deformation  of  two  peneplains  shown  at  intervals  over 
the  southern  Appalachians;  the  present  author  {  has  described  the  nature  and  de- 
formation of  five  Appalachian  peneplains  in  northern  Vii*ginia  and  Maryland,  and 
various  other  publications  have  touched  upon  minor  features  of  erosion.  The  sub- 
ject is  still  far  from  fully  grasped,  however,  and  even  the  broad  processes  of  the 
production  of  the  present  surfiice  are  a  subject  for  discussion.  The  purposes  of  tliis 
paper  are  to  classify  the  peneplains  of  the  southern  Appalachians  according  to  the 
ideas  expressed  previously  by  the  author,  and  to  oppose  the  extreme  application  of 
the  theory  of  deformation  as  advanced  by  Messrs  Hayes  and  Campbell.  For  these 
objects  a  systematic  presentation  of  details  need  not  be  given. 

Gknbral  Fbatubes  of  the  southern  Appalachians 

DBAJNAOB  BASINS 

Four  great  groups  of  streams  drain  the  southern  Appalachians  and  are  carrying 
on  the  work  of  erosion.     First  of  these  are  the  tributaries  of  the  Tennessee  river 


*  National  Oeographic  Magazine,  vol.  i,  no.  4,  pp.  291-300. 

Ibid.,  vol.  i,  18S9.  pp.  183-263. 
tProc.  B4ist.  Soc.  Nat.  Hist.,  toI.  xxir,  1889,  pp.  366-423. 

National  Geographic  Magasine,  vol.  ii,  1890,  p(y.  81-110. 

Bull.  Geol.  Soc.  Am.,  vol.  2,  1890,  pp.  646-581. 
X  National  Geographic  Magazine,  vol.  vl,  1894.  pp.  63-126. 
I  Fourteenth  Annual  Report  of  the  Director  of  the  U.  S.  Geol.  Survey,  1892-93,  pp.  366-394. 
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draining  into  the  Ohio  river  from  northern  Alabama,  Tennessee,  southwest  Vir- 
ginia and  western  North  Carolina ;  these  streams  head  upon  the  Blue  Ridgv*  flow 
northwest  through  the  Unaka  mountains,  southwest  along  the  Great  valley  of  Ten- 
nessee and  Virginia  and  northwest  through  the  Cumberland  plateau.  The  second 
group  form  the  drainage  of  the  Ohio  river  in  southwest  Virginia,  West  Virginia  and 
Kentucky ;  these  flow  northwest  in  converging  lines  through  New  river  and  vari«rtL'« 
arms  of  the  Ohio.  Third  are  the  streams  of  middle  and  northern  Vii^ginia,  Mar}'- 
land  and  Pennsylvania,  such  as  the  James,  Potomac  and  Susquehanna.  T)u> 
fourth,  or  Atlantic  group,  comprises  streams  rising  east  of  the  mass  of  the  Apfia- 
lachians  and  flowing  directly  into  the  Atlantic  and  the  gulf  of  Mexico  thnmgh 
eastern  Virginia,  North  Carolina,  South  Carolina,  Georgia  and  Alabama.  Tlieir 
waters  run  southeast  into  the  Atlantic  and  south  into  the  gulf  of  Mexico. 

SURFACE   FOBMS 

The  typical  surfaces  produced  by  the  cutting  of  these  streams  are  well  known 
through  literature  and  need  only  a  brief  mention  here.  In  the  Great  valley  a  .series 
of  long,  straight  valleys  alternate  with  straight,  narrow  ridges.  As  compared  with 
their  length,  the  valleys  are  narrow  even  wlien  most  conspicuous  in^size.  In  tlie 
Unaka  mountains  and  Cumberland  plateau  the  divides  are  irregular,  the  valleys 
show  little  systematic  arrangement  beyond  a  normal  convergence  into  the  grt^t 
rivers,  and  the  basins  are  broad  in  comparison  with  their  width.  Divides  of  the 
Atlantic  drainage  have  small  relief  except  near  the  stream  heads,  and  the  stream? 
drain  comparatively  narrow,  parallel  basins. 

Two  general  types  of  divides  exist — those  whose  summits  rise  to  nearly  equal 
heights  and  those  which  show  great  diversity.  The  latter  preN^ails  in  the  Unaka 
mountains  and  along  the  bonlers  of  the  chief  river  systems.  The  characteri?tii\ 
even  crests  prevail  in  the  vicinity  of  the  larger  streams  in  all  regions  and  are  most 
pronounced  in  the  Atlantic  drainage,  the  Great  valley  and  the  Cumberland  plateau. 
Thus  upon  a  broad  view  the  Appalachians  are  most  uniformly  reduced  near  the 
larger  streams  and  are  most  irregular  near  the  major  divides.  Such  a  result  ):> 
normal  in  ordinary  erosion  and  would  be  expec'ted  in  this  case. 

As  deduced  in  theory  and  as  exhibited  in  the  AppaUichians  in  hundreds  of  case«, 
erosion  produces  a  regular  sequence  of  forms.  Beginning  on  an  unreduced  sur- 
face, a  stream  cuts  a  narrow  trench  steadily  downward  until  it  reaches  its  ba«?level 
of  erosion.  Then  the  sides  of  the  canyon  are  attacked,  the  downward  cutting  ex- 
tending meanwhile  up  the  larger  and  smaller  tributaries  until  an  approximate  baR*- 
level  grade  is  establisheii,  increasing  in  slo^^e  as  the  streams  diminish  in  power. 
Continued  wear  opens  out  the  canyons  into  valleys  and  i)eneplain8,  which  in  time 
occupy  the  entire  area  adjacent  to  the  larger  streams  and  extend  up  the  tributarit* 
Toward  the  heads  of  the  streams  these  peneplains  contract  into  valleys  with  fl<)onj 
rounding  upward  at  their  borders,  and  these  in  turn  give  place  to  series  of  terrace 
and  bottoms.  With  the  division  and  weakening  of  the  streams,  deliris  becomes 
coarser  near  its  source,  the  little  falls  over  individual  pebbles  accumulate  into 
steeper  grades,  Inittoms  are  replaced  by  planation  sloi)es,  and  these  by  ravines  and 
gullies.  Above  all  project  the  unreduced  masses  or  residuals  forming  the  main 
divides.  The  details  and  successive  steps  of  this  process  can  be  seen  to  perfectit)n 
in  the  streams  flowing  into  the  Atlantic,  and  are  there  rendered  especially  clear 
because  the  streams  flow  over  rocks  of  quite  uniform  jwwers  of  resistance.  There 
the  uniformity  and  omnipresence  of  the  concave  curve  establish  it  beyond  a  doubt 
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as  the  law.  and  the  variation  of  the  altitudes,  hand  in  hand  with  the  cutting  power 
of  the  streams,  defines  the  whole  series  as  the  result  of  subaerial  erosion.  In  the 
Cumberland  plateau  the  appearance  of  peneplains  is  often  simulated  by  the  out- 
crop of  flat  beds  of  hard  rock  which  may  lie  at  various  altitudes  and  represent  no 
period  of  reduction.  In  the  Great  valley  also  the  peneplains  are  overshadowed 
and  masked  by  the  great  differences  of  the  rocks  in  point  of  resistance  to  wear. 
When  once  the  criteria  are  established,  however,  it  needs  no  extended  search  to 
<lif«cover  successive  forms  of  degradation  as  distinct  as  in  the  Atlantic  streams  and 
jfrouped  in  the  same  manner.  Difficulties  in  the  paths  of  the  streams  are  more 
localized,  however,  by  the  differences  in  the  rocks,  and  need  consideration  in 
coordinating  the  forms. 

VAJtrATIONS    OF  LETBL 

During  any  extended  period  of  degradation  minor  difficulties  of  erosion  would 
be  reduced,  but  the  major  barriers,  such  as  are  produced  by  unusual  groups  of 
rocks  and  affect  entire  river  basins,  can  retard  reduction  so  seriously  as  to  produce 
con.siderable  discordance  of  elevation  in  different  basins.  An  excellent  instance 
of  this  is  furnished  by  the  Pigeon  and  French  Broad  rivers  in  North  Carolina. 
These  streams  flow  in  concentric  curves,  and  the  larger  or  French  Broad  meets  the 
least  obstmction ;  it  has  accordingly  reduced  its  peneplains  and  valleys  which  lie 
above  the  barrier  400  feet  lower  than  the  corresponding  ones  of  the  Pigeon.  Re- 
sults in  the  same  direction  would  ensue  from  warping  of  the  surface,  which  would 
give  added  slope  and  power  to  one  stream  and  decrease  the  grade  of  an  opposite 
flowing  stream.  Tliis  would  retard  final  reduction  iherely  by  the  added  amount 
of  material  to  be  removed,  but  would  leave  no  permanent  differences  of  altitude  in 
similar  forms.  An  unfailing  factor  in  producing  differences  of  altitude  at  like 
periods  of  reduction  is  the  distance  from  the  sea.  A  peneplain  produced  by  a 
stream  500  miles  from  its  mouth  will  be  higher  than  one  proiiuced  only  100  miles 
from  the  sea,  whether  by  the  same  or  a  different  stream  and  whether  in  the  same 
or  a  different  region.  A  certain  amount  of  fall,  however  slight,  is  necessary  to 
make  the  rivers  flow  and  will  be  expressed  in  the  accumulated  altitudes.  On  this 
account  the  Yadkin  river,  flowing  direct  to  the  Atlantic,  has  formed  its  peneplain 
at  2,300  to ^,500  feet  close  up  to  the  main  residual  of  the  Blue  Ridge,  while  the 
Nolicbucky,  30  miles  to  the  west,  taking  a  longer  course  through  the  Tennessee, 
has  cut  its  peneplain  along  its  main  valley  only  down  to  2,600,  or  200  feet  higher. 

Most  potent  of  all  factors  of  variation  is  the  amount  and  nature  of  debris  fur- 
nished to  the  streams.  Insoluble  rocks  clog  the  streams  with  debris  and  large  re- 
siduals furnish  great  quantities  of  waste,  so  that,  as  residuals  in  general  are  composed 
of  the  more  obdurate  strata,  the  two  unite  to  raise  the  grades  ancl  perpetuate  divides. 
Soluble  rocks  yield  debris  which  moves  with  a  minimum  grade,  so  that  they  seldom 
remain  as  residuals.  Accordingly  grades  over  soluble  rocks  are  low  entirely  to  the 
divides,  which  are  thus  at  the  mercy  of  local  variations  in  the  rocks  and  in  the 
stream  powers,  and  which  are  correspondingly  unstable. 

It  is  to  be  expected,  therefore,  that  widely  dissimilar  basins  will  have  peneplains 
formed  at  the  same  time  but  at  somewhat  different  altitudes.  Such  expectation  is 
amply  borne  out  by  the  facts  of  the  field,  and  is  in  fact  exceeded.  The  least  in- 
spection of  peneplains  shows  differences  of  altitude  amounting  to  3,000  feet.  Two 
explanations  can  be  made  of  such  great  differences,  either  that  one  or  two  pene- 
plains have  been  warped  out  of  their  original  plane  or  that  many  peneplains  are 
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represented  which  were  produced  at  different  periods  and  successively  elevated 
with  little  warping. 

Features  of  the  Tennessee  Basin 

PBNBPLAIN    GROUPS 

Inspection  of  the  Tennessee  basin  in  the  Great  valley  reveals  well  developed 
peneplains  at  four  altitudes.  The  uppermost  series  appears  in  peneplains  and 
plateaus  near  the  heads  of  the  main  streams  from  3,300  to  3,700  feet  high,  falling 
slightly  away  from  the  divides.  As  the  streams  increase  in  sisse  these  plains  are 
more  and  more  dissected  by  sharp  gorges  of  later  origin,  until  along  the  northwest 
front  of  the  Unakas  only  the  most  insoluble  rocks  approximate  the  original  height' 
at  3,000  to  3,200  feet.  In  the  valley  of  Tennessee  some  ridges  of  hard  rock  remain 
at  this  height,  but  are  considerably  dissected.  On  Cumberland  plateau  northwest 
of  Knoxville  a  large  area  of  knobs  and  level  ridges  on  one  of  the  main  divides 
remains  at  3,100  to  3,200  feet.  As  the  draining  streams  grow  lai^r  this  ancient 
plain  is  dissected  and  supplanted  by  another  and  lower  plain. 

This  second  great  group  of  forms  is  found  at  altitudes  of  2,000  to  2,600  feet  It 
begins  as  a  series  of  peneplains  along  the  upper  Holston  at  2,300  to  2,500  feet 
Behind  the  barrier  of  the  Unakas  the  tributaries  of  the  Tennessee,  the  Nolichucky, 
French  Broad  and  Pigeon  rivers,  have  cut  out  broad  peneplains  from  2,300  to  2,7(K) 
feet.  These  are  very  well  preserved,  and  in  every  case  they  show  a  slight  but  steady 
rise  upstream,  whatever  the  direction  of  flow.  As  before  stated,  the  Pigeon  pene- 
plain is  uniformly  higher  than  the  adjacent  French  Broad  plain.  Passing  down 
the  Great  valley  the  second  peneplain  is  much  dissected,  and  appears  only  in  sand, 
stone  ridges  in  the  valley  or  in  peneplain  remnants  along  the  foothills  of  the  Unaka 
mountains  at  elevations  ranging  from  2,100  to  2,400  feet  The  Clinch  and  Bays 
mountains  and  the  Cumberland  front,  especially  the  former,  are  fine  examples  of 
baseleveled  ridges.  In  the  lower  Tennessee  valley  all  traces  of  this  peneplain  have 
been  removed. 

The  third  group  of  surface  forms  attains  prominence  in  the  Tennessee  valley 
after  the  confluence  of  Watauga  river  and  the  north  and  south  forks  of  Holston 
river  at  altitudes  of  1,600  to  1,800  feet.  Above  the  junction  it  is  only  manifest  in 
broad  flood-plains,  bottoms  and  similar  features  fingering  between  the  remnants 
of  the  peneplain  last  described.  For  50  or  60  miles  southwest  down  the  valley  this 
altitude  of  1,600  to  1,800  feet  is  prominent  in  broad  peneplains.  These  become 
more  and  more  dissected,  until  only  scattered  ridges  attain  that  height,  and  the 
country  stands  at  1,000  to  1,100  feet.  Along  either  side  of  the  Great  valley  many 
remnants  of  this  peneplain  appear;  on  the  Hiawassee  drainage  through  the  Unaka.'^ 
it  is  finely  developed  at  1,700  to  1,800  feet,  and  on  the  opposite  side  of  the  valley 
Waldens  ridge  and  Cumberland  plateau  exhibit  broad  areas  at  1,500  to  1,700  feet 

The  last  series  appearing  in  the  Tennessee  valley  becomes  predominant  after  the 
union  of  Nolichucky,  French  Broad  and  Holston  rivers  above  Knoxville.  Broa<l 
bottoms  and  gravel -covered  terraces  and  valleys  mark  the  emergence  of  the  rivere 
at  1,000  feet,  their  courses  between  that  altitude  and  1,600  to  1,800  feet  being  largely 
confined  to  narrow  valleys  and  gorges.  Below  these  points  broad  valleys  appear, 
widen  out  into  peneplains  and  soon  occupy  the  entire  valley  at  1,000  to  1,100  feet, 
extending  southwestward  at  that  height  for  many  scores  of  miles.  In  the  course 
of  still  more  recent  erosion  the  streams  have  carved  narrow  canyons,  which  slowly 
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o{>en  out  downstream  and  are  bordered  by  terraces  and  bottoms  from  600  to  700 
feet  above  sea. 

Thus  in  the  Tennessee  valley  are  seen  four  distinct  groups  of  peneplains  and 
associated  features,  marking  four  periods  of  stable  land  and  long  degradation.  The 
greatest  of  these  is  the  first,  because  it  extended  to  the  headwaters  of  the  main 
rivers,  and  only  the  most  obdurate  and  remote  masses  escaped  reduction.  Each 
successive  period  was  less  important  than  the  preceding  an  measured  by  the  results 
accomplished.  The  forms  of  any  minor  period  would  have  been  obliterated,  how- 
ever, by^a  greater  subsequent  one,  so  that  the  record  can  only  be  expected  to  pre- 
serve those  which  were  in  descending  order  of  magnitude.  At  the  present  day  the 
most  conspicuous  are  the  1,600  to  1,800  and  the  1,000  to  1, 100-foot  peneplains,  which 
occapy  much  of  the  Great  valley,  and,  swinging  around  the  south  end  of  the  Unaka 
mountains  and  the  Blue  ridge,  pass  northeast  along  the  heads  of  the  Atlantic  basins. 

CLINCH    SBCTION 

The  relations  of  Clinch  mountain,  the  typical  baseleveled  ridge  of  Tennessee, 
furnish  an  epitome  of  the  whole  basin.  Rising  abruptly  from  the  1,000-foot  pene- 
plain and  flanked  on  both  sides  by  ridges  of  the  next  peneplain  at  1,600  to  1,700 
feet,  its  summits  stand  at  2,100  to  2,200  feet ;  a  few  points  rise  to  2,500  feet  and  a 
few  wind  gaps  are  cut  down  to  2,000  feet.  This  average  height  of  2,200  feet  is 
maintained  for  100  miles  northeastward  to  Moccasin  gap,  near  the  state  boundary 
in  Virginia,  the  flanking  ridges  continuing  at  uniform  heights.  Northeast  of  that 
gap  the  mountain  rises  within  three  miles  to  3,200  feet,  and  its  summits  continue 
at  that  height  for  30  miles  to  Little  Moccasin  gap.  From  this  point  northeastward 
the  mountain  is  very  irregular  in  height  and  loses  its  identity  in  a  great  mass, 
which  is  for  the  most  part  over  4,000  feet  above  the  sea.  In  this  group  of  ridges 
the  1,000-foot  peneplain  is  perfectly  obvious ;  the  same  characteristics  that  are  con- 
ceded to  Clinch  mountain  at  2,200  feet  are  precisely  repeated  in  the  portion  stand- 
ing at  3,200  feet  and  in  the  flanking  ridges  at  1,600.  feet.  Therefore  the  same  rea- 
soning that  identifies  a  baseleveled  ridge  at  2,200  feet  must  recognize  the  abruptness 
of  the  jump  from  level  to  level  and  must  identify  three  baselevel  periods  instead 
of  one.    The  linear  profiles  of  the  ridges  are  shown  on  the  accompanying  map. 

UNAKA'BLUB    RtDOB    SBCTIOIf 

A  profile  with  similar  features  but  less  compact  in  form  is  taken  along  the  head- 
waters of  the  Tennessee  branches  between  the  Blue  Ridge  and  the  Unaka  moun- 
tains. It  starts  with  a  series  of  plateaus  in  Virginia  and  North  Carolina,  near  the 
state  boundary,  at  heights  of  3,100  to  3,200  feet.  These  are  considerably  inter- 
rupted by  the  residuals  between  the  Ohio  streams  and  the  Tennessee  basin,  but 
can  readily  be  traced  over  into  the  Tennessee  basin  at  heights  of  3,300  to  3,500 
feet.  Into  this  surface  are  sunk  the  fingers  of  the  lower  system  at  2,600  to  2,700 
feet.  On  this  part  of  the  section  the  peneplains  are  much  interrupted  by  residuals, 
and  on  the  divides  between  the  Watauga- Nolichucky  and  the  Nolichucky-French 
Broad  basins  the  upper  peneplain  again  appears.  The  second  plain  is  well  shown 
in  the  French  Broad  and  Pigeon  basins  at  2,200  and  2,()00  feet,  and  again  on  the 
Tuckaseegee  at  2,300  and  the  Little  Tennessee  at  2,200  to  2, 100  feet.  The  Nantahalah 
has  barely  produced  a  plain  at  the  upper  level  of  3,500  to  3,600  feet,  while  into  the 
edges  of  this  the  two  Hiawassee  peneplains  are  cut  at  2,100  feet  and  at  1,800  to 
1,900  feet,  with  bottoms  and  terraces  sloping  up  the  streams.  These  plains  with 
small  residuals  continue  in  the  Nottely  and  Toccoa  basins,  and  the  lower  is  carried 
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on  through  the  Etowah  basin,  descending  to  1,700  and  1,600  feet.  In  the  latu>r 
basin  the  1,600-foot  peneplain  is  shortly  cut  out  by  the  1,100  to  1,200-foot  plain, 
which  gradually  descends  to  1,100  and  1,000  feet  with  the  &11  of  the  river,  con- 
tinuing at  that  height  for  nearly  100  miles.  In  this  section  the  abundance  of  rev 
siduals  has  necessarily  inctreased  the  grades  of  the  streams  and  produced  the  sem- 
blance of  warped  surfaces,  but  the  abruptness  of  the  breaks  from  plain  to  plain  and 
the  direction  of  the  slope  away  from  the  divides  in  most  cases  remove  the  put^i- 
bility  of  warping  and  make  it  necessary  to  distinguish  the  plains  as  separate. 

Northwest  of  Knoxville,  Tennessee,  the  four  series  show  the  well  developed  stpi*?* 
within  a  radius  of  eight  miles,  and  in  innumerable  instances  groups  of  three  appear 
in  close  connection.  In  each  group  of  forms  the  sequence  from  dissected  peneplain 
through  the  peneplain  into  the  broad  valley,  bottom  and  canyon  is  normal  and 
complete,  and  the  beginnings  of  each  lower  plain  cut  deep  into  the  heart  of  the 
plain  next  above  it.  In  its  broad  reaches  each  plain  is  remarkably  constant  in 
level,  but  in  its  narrow  portions,  where  grades  are  raised  by  debris  from  neighbor- 
ing residuals,  the  slope  upstream  is  invariably  found,  regardless  of  the  direction  of 
flow.  Areas  occur  in  which  peneplains  are  indubitably  warped,  but  they  sltv 
readily  recognized  on  the  ground  and  are  distinctly  the  exception.  In  short,  en>- 
sion  has  produced  in  this  basin  at  least  four  peneplains,  each  approximately  levt-I 
and  each  swinging  around  the  heads  of  the  lower  plains  in  successive  steps. 

SUMMARY 

Study  of  other  river  basins  reveals  similar  series  in  every  case,  and  without  citini; 
the  countless  details  thus  far  known  it  is  sufficient  to  state  in  brief  that  Appalachian 
degradation  was  marked  by  at  least  seven  periods  of  approximate  reduction.  Each 
of  these  proiluced  a  vast  series  of  peneplains  which  appear  in  various  forms  at  the 
present  day ;  the  oldest  lie  along  the  main  divides  and  the  youngest  along  the  mar- 
gin of  the  sea.  In  some  cases  these  plains  have  l)een  warped  from  their  original 
level,  but  far  the  greater  portions  of  them  retain  nearly  their  original  attitudes.  It 
follows,  therefore,  that  the  disturbances  which  caused  the  revival  of  erosion  were 
characterized  by  broad,  uniform  uplifts  with  local  zones  of  warping  quite  subordi- 
nate in  area.  This  is  typified  by  the  peneplain  in  Maryland  and  eastern  Vit^nia, 
which  ranges  for  100  miles  east  and  west  and  many  times  that  distance  to  the  south- 
west at  an  altitude  of  500  to  550  feet,  but  which  along  the  Staunton  river  in  southern 
Virginia  slopes  up  northwest  400  feet  in  30  miles  and  then  remains  level  for  the 
next  30  miles. 

This  view  departs  considerably  from  the  theories  of  other  authors,  who  have  de- 
flned  the  i)eneplains  as  dome-shaped  or  warped  surfaces,  making  the  warping  the 
predominant  feature  of  the  uplift.  Further  differences  of  view  exist  in  the  distinction 
of  many  peneplains  instead  of  a  few.  It  is  agreed  that  the  higher  jieneplains  are 
associated  with  the  main  divides ;  that  fact,  however,  is  as  well  explained  a  priori 
by  the  usual  sequence  of  erosion  as  by  the  theory  of  warping.  The  peneplains  inuj»t 
have  been  deformed,  otherwise  the  land  never  could  have  risen  ;  but,  on  the  other 
hand,  the  {>eneplains  must  rise  with  the  streams  and  in  regions  of  massive  residiuU.'^ 
with  a  considerable  slope ;  therefore  the  differences  of  level  must  be  studied  in 
each  group  and  may  Ikj  referred  to  one  or  both  causes.  The  normal  i>eneplain  gar- 
faxx'  is  slightly  sloping,  and  for  each  slope  to  which  a  different  origin  is  ascrlM 
proof  must  be  furnished  to  account  for  the  abnormal  condition.  The  present  cdh- 
fusion  has  been  caused,  in  part  at  least,  by  correlating  as  parts  of  the  same  pene- 
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plain  features  which  in  the  field  can  be  traced  past  one  another  as  parts  of  different 
peneplains.  In  other  cases  a  iwnephiiu  actually  slopes?,  but  its  slope  is  with  the 
fall  of  the  stream  and  in  a  direction  contrary  to  that  demanded  by  the  extreme 
theory  of  warpinj?.  In  short,  the  slopes  of  the  peneplains  are  so  slight  in  the  great 
majority  of  cases  as  to  distinguish  warping  as  the  exceptional  form  of  uplift.  Al- 
though the  process  was  a  simple  one,  the  succession  of  uplifts  was  long  and  quite 
complex.  A  full  understanding  of  the  different  stages  demands  the  expenditure 
of  much  time  and  connected  field  work,  and  will  be  made  the  subject  of  future 
publications. 

The  following  paper  was  read  by  title : 

THE  CERRILLOS  COAL  FIELD  OF  NEW  MEXICO 
BY   JOHN  J.    STEVENSON 

[AbMract'] 

During  August,  18^5,  the  writer  had  an  opportunity  to  revisit  the  Placer  coal  field 
of  New  Mexico,  now  known  as  the  Cerrillos  coal  field.  It  is  about  25  miles  south 
frona  Santa  F^  and  directly  beyond  the  Galisteo  river.  The  field  is  small,  appar- 
ently a  detached  portion  of  the  Laramie  area  extending  far  southward  within  the 
Rio  Grande  region. 

Tlie  district  of  especial  interest  is  that  lying  south  from  Cerrillos  and  Waldo, 
stations  on  the  Santa  F6  railroad.  It  is  less  than  two  miles  wide,  and  reaches  south- 
ward to  little  more  than  five  miles  from  the  Galisteo,  but  it  contains  evidently  all 
of  the  workable  coal  beds,  and  exhibits  the  transition  from  bituminous  to  anthra- 
cite in  a  very  satisfactory  manner.  The  mines  are  all  on  Coal  canyon,  which  ex- 
tends from  the  Placer  or  Ortiz  mountains  at  the  south  to  Waldo  at  the  north,  some- 
what more  than  six  miles. 

The  Ortiz  mountains  are  largely  trachytic ;  from  them  there  extend  northward 
two  plates,  each  about  200  feet  thick,  which  pass  between  I^ramie  strata  and  follow 
very  closely  the  dip  of  the  stratified  beds.  The  upper  plate  covers  the  area  east 
from  Coal  canyon,  and  is  now  the  surface  rock,  the  overlying  beds  having  been 
removed.  It  extends  northward  to  somewhat  less  than  two  miles  south  of  Waldo, 
terminating  opposite  the  lower  end  of  the  village  of  Madrid,  where  are  the  offices 
of  the  Cerrillos  Coal  Company.  The  lower  plate,  about  400  feet  below  the  upper, 
dt>es  not  come  to  the  surface  on  Coal  canyon,  but  it  was  reached  in  a  boring  on  the 
mesa  immediately  west  and  comes  out  in  an  arroyo  within  a  few  rods  west  from 
the  boring.  Several  dikes  extend  upward  from  this  plate,  one  evidently  very  large 
being  shown  west  from  Coal  canyon,  which  mus.  have  been  connected  with  the 
upper  plate,  as  it  rises  very  high  above  the  mesa ;  a  second  is  seen  in  Coal  canyon,  . 
not  more  than  10  or  12  feet  wide;  it  does  not  reach  the  upper  plate  ;  a  third,  very 
narrow,  found  in  the  same  canyon  at  a  mile  and  a  half  above  Madrid,  passes  dis- 
tinctly into  the  upper  plate.  Professor  Kemp  examined  the  specimens  from  several 
exposures  and  recognizes  the  close  resemblance  in  composition  throughout. 

The  only  stratified  rocks  within  the  district  examined  belong  to  the  Laramie,  and 
the  exposed  section  is  somewhat  more  than  1,000  feet  thick.  The  rocks  resemble 
those  of  the  same  age  in  the  Trinidad  coal  field,  but  shale  is  present  in  greater  pro- 
portion. Limestone  is  wholly  absent,  apparently,  and  the  sandstones  are  unusuallv 
non-fossiliferous.  The  coal  beds  are  numerous,  but  most  of  them  are  very  thin  and 
several  are  not  persistent  in  all  of  the  sections. 
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The  only  coal  beds  of  interest  here  are  those  within  the  interval  between  the 
trachyte  plates.    They  are 

White-ash  coal  bed 2  feet  6  inches  to  7  feet. 

Interval 70    " 

Coking  coal  bed I  foot  to  2  feet  6  inches. 

Interval 80  feet. 

Cook-White  coal  bed.., 3    " 

Interval,  about 150    ** 

Waldo  coal  bed 4    " 

The  White-ash  bed  is  not  more  than  15  feet  below  the  upper  plate,  and  the  Waldo 
bed  as  found  in  the  bore-hole  about  10  feet  above  the  lower  plate  of  trachyte. 

The  White-ash  bed  has  been  mined  at  many  pits  along  Coal  canyon  for  a  distance 
of  nearly  three  miles,  beginning  at  about  a  mile  and  a  half  from  Waldo.  It  is  the 
important  bed  of  the  region  and  tlie  only  one  now  mined.  It  was  examined  in 
four  pite,  two  of  which  are  now  in  operation.  At  the  old  Boyle  mine,  about  a  mile 
and  a  half  above  Madrid,  the  coal  is  a  hard  dry  anthracite,  varying  much  in  char- 
acter. It  is  slipped  and  jointed  throughout.  Some  portions  closely  resemble  the 
graphitoid  anthracite  of  Rhode  Island. 

The  Lucas  mine  at  Madrid  was  idle  when  visited,  but  work  had  been  stopped 
for  only  a  short  time.  The  southerly  levels  of  this  mine  yield  an  anthracite  of  ex- 
cellent quality,  equal  in  appearance  and  composition  to  the  average  anthracite  of 
Pennsylvania,  but  the  northerly  levels  show  a  rapid  change.  Jointing  becomes  an- 
noying at  a  little  distance  from  the  slope  and  the  coal  is  wasted  in  the  breaker. 
Within  350  feet  evidences  of  great  pressure  and  disturbance  accumulate  and  the 
coal  soon  is  laminated,  like  that  from  some  Vespertine  mines  of  southwest  Virginia, 
with  the  polished  surfaces,  often  curved,  frequently  not  more  than  one- fourth  of 
an  inch  apart.  This,  however,  is  still  anthracite,  and  work  was  stopped  in  the*« 
northerly  levels  only  because  of  great  waste  in  breaking. 

The  Cunningham  mine,  at  the  lower  end  of  Madrid,  entered  a  tender  coal  at  the 
crop;  the  slope  was  pushed  1,100  feet,  but  no  anthracite  was  found.  The  coal 
burns  with  flame. 

The  White-ash  mine,  about  half  a  mile  north  from  the  Lucas,  is  the  important 
pit.  At  one  time  trains  might  be  seen  coming  from  its  slope  made  up  of  cars  car- 
rying, some  of  them,  anthracite,  others  the  tender,  semi-bituminous,  and  othere 
still  the  rich  bituminous  coal  which  has  given  this  mine  its  reputation.  The  bitu- 
minous coal,  containing  39  per  cent  of  volatile 'combustible,  is  obtained  from  tlie 
northerly  levels,  but  the  southerly  levels  yield  for  the  most  part  what  is  called 
tender  coal.  The  latter  is  dull,  very  tender  and  much  of  it  has  an  almost  conein- 
cone  structure.  It  is  reached  in  the  southerly  levels  at  varying  distances  from  the 
slope.  The  passage  from  bituminous  into  anthra(;ite  through  this  tender  coal  is 
shown  in  the  sixth  level,  southerly,  where  the  tender  coal  was  reached  at  125  feet 
from  the  slope  and  the  anthracite  at  450  feet.  The  passage  is  gradual.  The  an- 
thracite makes  its  appearance  at  the  bottom  and  thickens  gradually,  crushed  coal 
being  replaced  by  laminated  and  that  by  the  harder  almost  homc^neous  coal, 
the  change  being  completed  within  50  feet. 

The  Coking  bed  was  worked  some  years  ago  at  about  two  miles  above  Madrid, 
where  its  coal  was  coked  in  ricks. 

The  Cook-White  coal  is  no  longer  mined,  but  it  has  been  opened  at  many  places 
along  Coal  canyon,  and  the  changes  in  character  of  the  coal  are  clearly  shown. 
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Above  Madrid  fra^rments  on  the  old  dumps  show  that  the  coal  is  anthracite.  A 
pit  at  the  lower  end  of  Madrid,  almost  midway  between  the  Cunningham  and 
White-ash  mines,  shows  a  tender  coal  which  resembles  that  from  Pocahontas,  in 
Virginia.  Analysis  shows  that  it  contains  about  30  per  cent  of  volatile,  which  is 
about  what  should  be  expected  if  its  changes  are  similar  to  those  of  the  White-ash. 
The  Waldo  bed  is  not  reached  in  the  upper  part  of  Coal  canyon,  but  it  has  been 
mined  extensively  further  down.  The  only  interest  it  has  here  is  its  existence  in 
the  bore-hole  west  from  Coal  canyon,  where  it  is  not  more  than  10  feet  above  the 
lower  plate  of  trachyte,  and  shows  no  evidence  of  any  metamorpl^ism  whatever. 

Long  ago  Newberry  and  afterward  Stevenson  regarded  the  coal  as  metamorphosed 
by  heat  from  a  great  dike  of  eruptive  rock  following  the  northerly  side  of  the  Placer 
(now  Ortiz)  mountains.  This,  which  then  was  but  a  suggestion,  is  suflBciently 
clear  as  an  explanation  now.  As  the  center  of  eruption  was  in  the  Ortiz  moun- 
tains, the  metamorphism  should  be  most  notable  near  those  mountains.  That  is 
distinctly  the  condition,  for  at  the  most  southerly  point  showing  the  White-ash 
bed  well  the  anthracite  is  very  hard,  but  the  change  is  less  and  less  toward  the 
north  until  normal  coal  is  reached  in  the  White-ash  mine  below  Madrid.  The 
gradation  is  equally  clear  in  the  Cook- White  bed,  but  the  small  bed  between  the 
main  seams  appears  to  contradict  the  hypothesis,  as  it  is  decidedly  bituminous  at 
half  a  mile  above  the  pit  where  the  White-ash  bed  yields  the  hardest  anthracite 
observed.  This  condition  is  easily  explained  by  the  fact  that  the  small  bed  is 
broken  by  clay  seams  several  feet  wide,  which  sometimes  cut  out  all  of  the  coal ; 
these  seams  would  prevent  the  passage  of  heat  from  one  portion  to  another. 

The  conditions  at  several  localities  show  that  mere  proximity  to  the  mass  of 
eruptive  rock  was  insufficient  to  j)roduce  change.  The  lower  plate  of  trachyte  is 
but  10  feet  below  the  Waldo  coal  bed  in  the  bore-hole  west  from  Coal  canyon,  but, 
though  200  feet  thick,  it  had  no  appreciable  effect  upon  the  coal.  The  interval 
l)etween  the  White-ash  bed  and  the  upper  plate  of  trachyte  shows  insignificant 
variations  along  Coal  canyon,  and  it  must  be  approximately  the  same  in  the  newer 
parts  of  the  White-ash  mine,  yet  in  the  Lucas  mine  and  at  all  localities  south  from 
it  the  coal  is  anthracite,  whereas  at  all  points  north  from  it  to  the  border  of  the 
eruptive  rock  one  finds  only  transition  coal.  It  seems  clear  that  direct  contact  is 
necessary  to  produce  change. 

Professor  J.  F.  Kemp  describes  the  eruptive  rock  aa  a  trachyte  closely  allied  to 
andesite.  Its  outflow  then  was  early,  possibly  at  the  time  of  the  Laramide  eleva- 
tion, when  great  outpourings  of  andesite  o<»curre<l  in  Colorado,  Utah,  Wyoming 
and  Montana.  The  coal  was  completely  formed  prior  to  this  elevation,  prior  to  any 
disturbance,  there  being  not  only  no  evidence  of  pulpiness,  but  every  evidence  that 
the  coal  was  thoroughly  hard.  It  was  crushed  into  minute  fragments,  slickipnsided 
like  the  Utica  shales  of  Franklin  county,  Pennsylvania,  or  laminated  and  rolled 
into  leaves  like  the  Vespertine  coals  of  southwestern  Virginia.  The  process  of  con- 
version was  complete  before  disturbance,  not  merely  in  the  lowest  beds,  but  also  in 
the  White-ash  bed  at  nearly  900  feet  above  the  bottom  of  the  Laramie. 

The  scientific  program  was  declared  finished.  Vice-President  Charles 
H.  Hitchcock  offered  the  following  resolution,  which  was  unanimously 
adopted : 

^'ReMlvedy  That  the  sincere  thanks  of  the  Geological  Society  of  America  are 
hereby  tendered  to  the  officers  of  the  University  of  Pennsylvania  for  their  kindness 
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and  courtesy,  particularly  in  granting:  the  use  of  rooms  in  the  Department  of  Arts 
building  and  for  the  midday  luncheon ;  also  to  the  '  Local  Committee '  for  their 
efforts  to  make  the  meeting  a  success.'' 

With  a  few  appropriate  remarks,  the  President  declared  the  meeting 
adjourned. 
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♦Samuel  Calvin,  Iowa  City,  Iowa ;  Professor  of  Geology  and  Zoology  in  the  State 

University  of  Iowa.    State  Geologist. 
Henry  Donald  Campbell,  Ph.  D.,  Lexington,  Va.;  •Professor  of  Geology  and 

Biology  in  Washington  and  Lee  University.     May,  1889. 
Marius  R.  Campbell,  U.  S.  Geological  Survey,  Washington,  D.  C.     August,  1892. 
Franklin  R.  Carpenter,  Ph.  D.,  Deadwood,  South  Dakota;  Superintendent  Dead- 
wood  and  Delaware  Smelting  Company.    May,  1889. 
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RoBEBT  Chalmbrs,  Geological  Survey  Office,  Ottawa,  Canada ;  Geologist  on  Geo- 
logical and  Natural  History  Survey  of  Canada.     May,  1889. 

♦T.  C.  Chamberlin,  LL.  D.,  Chicago,  111.;  Head  Professor  of  Geology,  University 
of  Chicago. 

Clarencs  Raymond  Claghorn,  B.  S.,  M.  E.,  Vintondale,  Pa.     August,  1891. 

*  William  B.  Clakk,  Ph.  D.,  Baltimore,  Md. ;  Professor  of  Geology  in  Johns 

Hopkins  University. 

*  Edward  \V.  Claypole,  D.  8c.  ,  Akron,  O. ;  Professor  of  Natural  Science  in  Buchtel 

College. 
Julius  M.  Clembxts,  B.  A.,  Ph.  D.,  Madison,  Wis. ;  Assistant  Professor  of  Geology 

in  University  of  Wisconsin.    December,  1894. 
Collier  Cobb,  A.  B.,  A.  M.,  Chapel  Hill,  N.  C. ;  Professor  of  Geology  in  University 

of  North  Carolina.     December,  1894. 

*  Theodore  B.  Comstock,  Tucson,  Ariz. ;  President  of  the  University  of  Arizona. 
*Edw.ard  D,  Cope,  Ph.  D.,  2102  Pine  St.,  Philadelphia,  Pa. ;  Professor  of  Geology 

in  the  University  of  Pennsylvania. 

*  Francis  W.  Craoin,  B.  S.,  Colorado  Springs,  Col.;  Professor  of  Geology  and 

Natural  History  in  Colorado  College. 

*  Albert  R.  Crakdall,  A.  M.,  Milton,  Wis. 

*  William  O.  Crosby,  B.  S.,  Boston  Society  of  Natural  History,  Boston,  Mass. ; 

Assistant  Professor  of  Mineralogy  and  Lithology  in  Massachusetts  Institute  of 

Technology. 
Whitman  Cross,  Ph.  D.,  U.  S.  Geological  Survey,  Washington,  D.  C.    May,  18891 
Garry  £.  Culver,  A.  M.,  1104  Wisconsin  St.,  Stevens  Point,  Wis.     December, 

1891. 

*  Henry  P.  Cushino,  M.  S.,  Cleveland,  Ohio;  Associate  Professor  of  Geology, 

Adelbert  College. 
T.  Nbuson  Dale,  Williamstown,  Mass. ;  Geologist,  U.  S.  Geological  Survey,  In- 
structor in  Geology,  Williams  College.     December,  1890. 

*  Nelson  H.  Darton,  United  States  Geological  Survey,  Washington,  D.  C. 

*  William  M.  Davis,  Cambridge,  Mass. ;  Professor  of  Physical  Geography  in  Har- 

vard University. 
Georok  M.  Dawson,  D.  Sc.,  A.  R.  S.  M.,  Geological  Survey  Office,  Ottawa,  Canada; 

Director  of  Geological  and  Natural  History  Survey  of  Canada.     May,  1889. 
Sir  J.  William  Dawsox,  LL.  D.,  Montreal,  Canada.     May,  1889. 
David  T.  Day,  A.  B.,  Ph.  D.,  U.  S.  Geological  Survey,  Washington,  D.  C    August, 

1891. 
Orville  a.  Derby,  M.  S.,  Sao  Paulo,  Brazil ;  Director  of  the  Geographical  and 

Geological  Survey  of  the  Province  of  Sao  Paulo,  Brazil.     December,  1890. 
♦.Joseph  S.  Diller,  B.  S.,  United  States  Geological  Survey,  Washington,  D.  C. 
Edward  V.  d'Invilliers,  E.  M.,  711  Walnut  St.,  Philadelphia,  Pa.    December, 

1888. 

*  Edwin  T.  Dumble,  Austin,  Texas,  State  Geologist. 

Clarence  E.  Dutton,  Major,  U.  S.  A.,  Ordnance  Department,  San  Antonio,  Texas. 
August,  1891. 

*  William  B.  Dwioht,  M.  A.,  Ph.  B.,  Poughkeepsie,  N.  Y. ;  Professor  of  Natural 

History  in  Vassar  College. 
CiiARLiH  R.  Eastman,  A.  M.,  Ph.  D.,  Cambridge,  Mass. ;  Assistant  in  Paleontology 
in  Harvard  University.     December,  1895. 
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*Gborge  H.  Eldridge,  A.  B.,  United  States  Geological  Survey,  Waabinjfton,  R  C, 

Robert  VV.  Elijs,  LL.  D.,  Geological  Survey  Office,  Ottawa,  Canada;  Geologist  on 
Geological  and  Natural  History  Survey  of  Canada.     December,  1888. 

♦Benjamin  K.  Emerson,  Ph.  D.,  Amherst,  MasSi ;  Professor  in  Amherst  College. 

♦Samuel  F.  Emmons,  A.  M.,  E.  M.,  U.  S.  Geological  Survey,  Washington,  D.  C. 

John  Eyerman,  F.  Z.  S.,  Oakhurst,  Easton,  Pa.     August,  1891. 

Harold  W.  Fairbanks,  B.  S.,  Berkeley,  Cal. ;    Geologist  State  Mining  Bureau. 
August,  1892. 

♦Herman  L.  Fairchild,  B.  S.,  Rochester,  N.  Y. ;  Professor  of  Geology  and  Natural 
History  in  University  of  Rochester. 

J.  C  Fales,  Danville,  Kentucky ;  Professor  in  Centre  College.    December,  18S8. 

Eugene  Rudolph  Faribault,  C.  E.,  Geological  Survey  Office,  Ottawa,  Canada; 
Geologist  on  Geological  and  Natuml  History  Survey  of  Canada.    August,  18PI. 

P.  J.  Farnsworth,  M.  D.,  Clinton,  Iowa;   Professor  in  the  State  Univereity  of 
Iowa.     May,  1889. 

Oliver  C.  Farrinoton,  Ph.  D.,  Chicago,  III.;  In  charge  of  Department  of  Geolog)', 
Field  Columbian  Museum.    December,  1895. 

Sandford  Fleming,  LL.  D.,  Ottawa,  Canada;  Civil  Engineer.    August,  1893. 

William  M.  Fontaine,  A.  M.,  University  of  Vii^inia,  Va.;  Professor  of  Natural 
History  and  Geology  in  University  of  Virginia.     December,  1888. 

♦Persifor  Frazer,  D.  Sc,  1042  Drexel  Building,  Philadelpliia,  Pa.;   Professor  of 
Chemistry  in  Franklin  Institute. 

♦Homer  T.  Fuller,  Ph.  D.,  Springfield,  Mo.;  President  of  Driiry  Coll^i^e. 

Henry  Gannett,  S.  B.,  A.  Met.  B.,  U.  S.  Geological  Survey,  Washington,  D.  C. 
December,  1891. 

♦Grove  K.  Gilbert,  A.  M.,  United  States  Geological  Survey,  Washington,  D.  C. 

Adam  Capen  Gill,  A.  B.,  Ph.  D.,  Ithaca,  N.  Y.;  Assistant  Professor  of  Mineral(^' 
and  Petrography  in  Cornell  University.    December,  1888. 

N.  J.  GiRoux,  C.  E.,  Geological  Survey  Office,  Ottiiwa,  Canada;  Geologist  on  Geo- 
logical and  Natural  History  Survey  of  Canada.     Mav,  1889. 

Charles  H.  Gordon,  M.  S.,  Beloit,  Wis.     August,  1893. 

Ulysses  Sherman  Grant,  Ph.  1).,  Minneapolis,  Minn.;  Assistant  on  Geological 
Survey  of  Minnesota.     December,  1890. 

William  Stukeley  Grrsley,  Erie,  Pa.;  Mining  Engineer.     December,  1893. 

Gkouoe  p.  Grimsley,  M.  A.,  Ph.  D.,  Topeka,  Kan.;  Professor  of  Geology  in  Wash- 
burn College.     August,  1895. 

Leon  S.  Griswold,  A.  B.,  238  Boston  St.,  Dorchester,  Mass.     August,  1892. 

Frederick  P.  Gulliver,  A.  M.,  Cambridge,  Mass.     August,  1895. 

♦William  F.  E.  Gurley,  Springfield,  III.;  State  Greologist. 

Arnold  Hague,  Ph.  B.,  U.  S.  Geological  Survey,  Washington,  D.  C.     May,  1889. 

♦Christopher  W.  Hali,,  A.  M.,  803  University  Ave.,  Minneapolis,  Minn.;  Pn>- 
fessor  of  Geology  and  Mineralogy  in  University  of  Minnesota. 

♦Jambs  Hall,  LL.  D.,  State  Hall,  Albany,  N.  Y.;  State  Geologist  and  Director  of 
the  State  Museum. 

Henry  G.  Hanks,  1124  Greenwich  St.,  San  Francisco,  Cal.;  lately  State  Mineralo- 
gist.    December,  1888. 

John  B.  Hastings,  M.  E.,  Bois^City,  Idaho.     May,  1889. 

John  B.  Hatcher,  Ph.  B.,  Princeton,  N.  J.;  Assistant  in  Geology,  College  of  New 
Jersey.     August,  1895. 

♦Erasmus  Haworth,  Ph.  D.,  Lawrence,  Kan. 
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C.  WiLLARD  Hayes,  Ph.  D.,  U.  8.  Geological  Survey,  Washington,  D.  C.    May^ 

1889. 
•Angelo  Heilprik,  Academy  of  Natural  Sciences,  Philadelphia,  Pa.;  Profeeeor  of 

Paleontology  in  the  Academy  of  Natural  bciences. 
♦Eugene  W.  Hilgakd,  Ph.  D.,  LL.  D.,  Berkeley,  Cal.;  Profeseor  of  Agriculture  in 

University  of  California. 
Fhank  a.  Hill,  Roanoke,  Va.    May,  1889. 

♦  Robert  T.  Hill,  B.  S.,  U.  S.  G^logical  Survey,  Washington,  D.  C. 
Richard  C.  Hills,  Mining  Engineer,  Denver,  Colo.    August,  1894. 

♦Charles  H.  Hftchcock,  Ph.  D.,  Hanover,  N.  H.;  Professor  of  Geology  in  Dart- 
mouth College. 

William  Herbert  Hobbs,  B.  Sc.,  Ph.  D.,  Madison,  Wis.;  Assistant  Professor  of 
Mineralogy  in  the  University  of  Wisconsin.     August,  1891. 

♦Levi  Holbrook,  A.  M.,  P.  O.  Box  536,  New  York  city. 

Arthur  Hollick,  Ph.  B.,  Columbia  College,  New  York ;  Instructor  in  Paleontology. 
August,  1893. 

♦  Joseph  A.  Holmes,  Chapel  Hill,  North  Carolina ;  State  Geologist  and  Professor 

of  Geology  in  University  of  North  Carolina. 
Mary  E.  Holmhs,  Ph.  D.,  201  S.  First  St.,  Rockford,  Illinois.    May,  1889. 
Thomas  C.  Hopkins,  A.  M.,  State  College,  Center  county,  Penn.    December,  1894. 

♦  Jedediah  Hotchkiss,  346  E.  Beverly' St.,  Staunton,  Virginia. 

♦Edmund  Otis  Hovey,  Ph.  D.,  American  Museum  of  Natural  History,  New  York 
city.  Assistant  Curator  of  Greology. 

♦  Horace  C.  Hovey,  D.  D.,  Newburyport,  Mass. 

♦Edwin  E.  Howell,  A.  M.,  612  17th  St.  N.  W.,  Washington,  D.  C. 

Li'ciL's  L.  Hubbard,  A.  B.,  LL.  B.,  Pli.  D.,  Houghton,  Mich.;  State  Geologist  of 
Michigan.     December,  1894. 

♦Alpheus  Hyatt,  B.  S.,  Bost.  Soc.  of  Nat.  Hist.,  Boston,  Mass.;  Curator  of  Boston 
Society  of  Natural  History. 

JoHEPH  P.  Iddings,  Ph.  B.,  Professor  of  Petrographic  Geology,  University  of  Chi- 
cago, Chicago,  111.    May,  1889. 

Elfric  D.  Inqall,  Geological  Survey  Office,  Ottawa,  Canada ;  in  charge  of  Mineral 
Statistics  and  Mines.    August,  1894. 

A.  Wendell  Jackson,  Ph.  B.,  407  St.  Nicholas  Ave.,  New  York  city.  December, 
1888. 

Robert  T.  Jackson,  S.  B.,  S.  D.,  33  Gloucester  St.,  Boston,  Mass.;  Instructor  in 
Paleontology  in  Harvard  University.     August,  1894. 

Thomas  M.  Jackson,  C.  E.,  S.  D.,  Clarksburg,  W.  Va.     May,  1889. 

♦Joseph  F,  Jamks,  M.  S.,  Department  of  Agriculture,  Washington,  D.  C. 

♦  WiLLARD  D.  Johnson,  United  States  Geological  Survey,  Washington,  D.  C. 
Alexis  A.  Julibn,  Ph.  D.,  Columbia  College,  New  York  city;  Instructor  in  Co- 
lumbia College.     May,  1889. 

Arthur  KErrn,  A.  M.,  U.  S.  Geological  Survey,  Washington,  D.  C.    May,  1889. 
♦Jahbs  F.  Kemp,  A.  B.,  E.  M.,  Columbia  College,  New  York  city;  Professor  of 

Geology. 
Charles  Rollin  Keybs,  A.  M.,  Ph.  D.,  Jefferson  City,  Missouri;  State  Geologist, 

August,  1890. 
Frank  H.  Knowlton,  M.  S.,  Washington,  D.  C;   Assistant  Paleontologist  U.  S. 

Geological  Survey.    May,  1889. 
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Hknry  B.  KDmmel,  a.  M.,  Ph.  D.,  Trenton,  New  Jersey;  Aasistant  on  the  State 
Geological  Survey  of  New  Jersey.    December,  1895. 

*  Geoboe  F.  Kunz,  care  of  Tiffany  &  Co.,  15  Union  Square,  New  York. 
Ralph  D.  Lacoe,  Pittston,  Pa.    December,  1889. 

George  Edgar  Ladd,  A.  B.,  A.  M.,  81  Oxford  St.,  Cambridge,  Mass.  Au^«t, 
1891. 

J.  C.  K.  Laflamme,  M.  a.,  D.  D.,  Quebec,  Canada;  Professor  of  Mineralogy  and 
Geology  in  University  Laval,  Quebec.    August,  1890. 

Lawrence  M.  Lambb,  Ottawa,  Canada ;  Artist  and  Assistant  in  Paleontology,  Geo- 
logical Survey  of  Canada.     August,  1890. 

Alfred  C.  Lane,  Ph.  D.,  Houghton,  Mich.;  Assistant  on  Greological  Surrey  of 
Michigan.     December,  1889. 

Daniel  W.  Langdon,  Jr.,  A.  B.,  6  Wall  St.,  New  York  city;  Geologist  of  Cheaa- 
peake  and  Ohio  Railroad  Company.    December,  1889. 

Andrew  C.  Lawson,  Ph.  I).,  Berkeley,  Cal.;  Assistant  Professor  of  Geology  in  the 
University  of  California.    May,  1889. 

*  Joseph  Le  Conte,  M.  D.,  LL.  D.,  Berkeley,  Cal.;  Professor  of  Geology  in  the 

University  of  California. 

*  J.  Peter  Lesley,  LL.  D.,  1008  Clinton  St.,  Philadelphia,  Pa.;  State  Geologist. 
Frank  Leverett,  B.  8.,  Denmark,  Iowa.;  Assistant  U.  S.  Geological  Survey.    Au- 
gust, 1890. 

Waldemar  Lindgrbn,  U.  S.  Geological  Survey,  Washington,  D.  C.    August,  1890. 
Robert  H.  Lough  ridge,  Ph.  D.,  Berkeley,  Cal.;  Assistant  Professor  of  Agricultural 

Chemistry  in  University  of  California.     May,  1889. 
Albert  P.  Low,  B.  S.,  Geological  Survey  Office,  Ottawa,  Canada;  Geologist  on 

Canadian  Geological  Survey.    August,  1892. 
Thomas  H.  Macbride,  Iowa  City,  Iowa ;  Professor  of  Botany  in  the  State  University 

of  Iowa.     May,  1889. 
Hbnry  McCalley,  a.  M.,  C.  E..  University,  Tuscaloosa  county,  Ala.;  Assistant  on 

Geological  Survey  of  Alabama.    May,  1889. 
Richard  G.  McConnell,  A.  B.,  Geological  Survey  Office,  Ottawa,  Canada;  Geolo 

gist  on  Geological  and  Natural  History  Survey  of  Canada.    May,  1889. 
James  Rieman  Macfarlane,  A.  B.,  Pittsburg,  Pa.     August>,  1891. 

*  W  J  McGee,  Washington,  D.  C;  Bureau  of  North  American  Ethnology. 
William  McInnes,  A.  B.,  Geological  Survey  Office,  Ottawa,  Canada;  Geologigt, 

Geological  and  Natural  History  Survey  of  Canada.    May,  1889. 
Peter  McKellar,  Fort  William,  Ontario,  Canada.    August,  1890. 
Oliver  Marcy,  LL.  D.,  Evanston,  Cook  Co.,  111.;  Professor  of  Natural  History  in 

Northwestern  University.    May,  1889. 
0th NiEL  C.  Marsh,  Ph.  D.,  LL.  D.,  New  Haven,  Conn,;  Professor  of  Paleontology 

in  Yale  University.     May,  1889. 
Vernon  F.  Maroters,  A.  B.,  Bloomington,  Ind.;  Associate  Professor  of  Geolojry 

in  Indiana  State  University.     August,  1892. 
Edward  B.  Mathews,  Ph.  D.,  Baltimore,  Md.;  Instructor  in  Petrography  in  Johns 

Hopkins  University.    August,  1895. 
P.  H.  Mell.  M.  E.,  Ph.  D.,  Auburn,  Ala.;  Professor  of  Geology  and  Natural  History 

in  the  State  Polytechnic  Institute.     December,  1888. 
John  C.  Merriam,  Ph.  D.,  Berkeley,  Cal.;  Instructor  in  Paleontology  in  University 

of  California.     August,  1895. 
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*  Fredbhick  J.  H.  Merrill,  Ph.  D.,  State  Museum,  Albany,  N.  Y.;  Assistant  State 

Geolo^st  and  Assistant  Director  of  State  Museum. 

Gborob  p.  Merrill,  M.  S.,  U.  S.  National  Museum,  Washington,  IX  C;  Curator 
of  Department  of  Lithology  and  Physical  Geology.    December,  1888. 

Jamess  £.  Mills,  B.  S.,  Quincy,  Plumas  Co.,  Cal.,  December,  1888. 

Thomas  F.  Moses,  M.  D.,  Urbana,  Ohio.    May,  1889. 

♦Frank  L.  Nason,  A.  B.,  5  Union  St.,  New  Brunswick,  N.  J.;  Assistant  on  Geo- 
logical Survey  of  New  Jersey. 

♦PErrBR  Nepp,  A.  M.,  361  Russell  Ave.,  Cleveland,  Ohio;  Librarian,  Western  Re- 
serve Historical  Society. 

Frbdebick  H.  Newell,  B.  S.,  U.  S.  Geological  Survey,  Washington,  D-  C.  May, 
1889. 

William  H.  Nilbs,  Ph.  B.,  M.  A.,  Cambridge,  Mass.     August,  1891. 

William  H.  Norton,  M.  A.,  Mt.  Vernon,  Iowa;  Professor  of  Geology  in  Cornell 
College.    December,  1895. 

Charles  J.  Norwood,  Frankfort,  Ky.;  State  Mine  Inspector  of  Kentucky.  August, 
1894. 

♦Edward  Ooton,  Ph.  D.,  LL.  D.,  Columbus,  Ohio;  State  Geologist  and  Professor 
of  Greology  in  the  State  University. 

*  Amos  O.  Osbobn,  Waterville,  Oneida  Co.,  N.  Y. 

Charlbb  Palache,  B.  S.,  Mineralogical  Laboratory,  Harvard  University,  Cam- 
bridge, Mass.    August,  1894. 

*  Horace  B.  Patton,  Ph.  D.,  Golden,  Col;  Professor  of  Geology  and  Mineralogy 

in  Colorado  School  of  Mines. 

Richard  A.  F.  Penrose,  Jr.,  Ph.  D.,  1331  Spruce  St,  Philadelphia,  Pa.  May, 
1889. 

Joseph  H.  Perry,  176  Highland  St.,  Worcester,  Mass.     December,  1888. 

♦William  H.  PEfrrEE,  A.  M.,  Ann  Arbor,  Mich.;  Professor  of  Mineralogy,  Eco- 
nomical Geology  and  Mining  Engineering  in  Michigan  University. 

Louis  V.  Pirsson,  Ph.  B.,  New  Haven,  Conn.;  Assistant  Professor  of  Inorganic 
Geology,  Sheffield  Scientific  School.    August,  1894. 

♦Franklin  Platt,  1617  Chestnut  St.,  Philadelphia,  Pa. 

♦Julius  Pohlman,  M.  D.,  University  of  Buffalo,  Buffalo,  N.  Y. 

William  B.  Potter,  A.  M.,  E.  M.,  St.  Louis,  Mo.;  Professor  of  Mining  and  Metal- 
lurgy  in  Washington  University.    August,  f 890. 

♦John  W.  Powell,  Bureau  of  Ethnology,  Washington,  D.  C. 

♦Charlis  S.  Prosser,  M.  S.,  Schenectady,  N.  Y.;  Professor  of  Geology  in  Union 

College. 

♦Raphael  Pompelly,  U.  S.  Geological  Survey,  Newport,  K.  I. 

Frederick  L.  Ransome,  B.  S.,  Berkeley,  Cal.    August,  1895. 

Harry  Fielding  Reid,  Ph.  D.,  Johns  Hopkins  University,  Baltimore,  Md.  De- 
cember, 1892. 

William  Norfh  Rice,  A.  M.,  Ph.  D.,  LL.  D.,  Middletown,  Conn.;  Professor  of 
Geology  in  Wesleyan  University.    August,  1890. 

Heinrich  Ries,  Ph.  B.,  Fellow  in  Mineralogy,  Columbia  College,  New  York  city. 

December,  1893.  ^      ,„     ,^  ^  r  r^    ^ 

Charlib  W.  Rolfe,  M.  S.,  Urbana,  Champaign  Co.,  III.;  Professor  of  Geology  in 

University  of  Illinois.    May ,',1889. 
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^IsBABL  C.  RussBLL,  M.  S.,  Anil  Arbor,  Mich.;  Professor  of  Geology  in  Univereily 
of  Michigan. 

♦  Jambs  M.  Safford,  M.  D.,  LL.  D.,  Nashville,  Tenn.;  State  Geologist;  Professor 

in  Vanderbilt  University. 

Orestes  H.  St.  John,  Topeka,  Kan.    May,  1889. 

*RoLLiN  D.  Salisbury,  A.  M.,  Chicago,  111.;  Professor  of  General  and  Geographic 
Geology  in  University  of  Chicago. 

Frederick  W.  Sardeson,  University  of  Minnesota,  Minneapolis,  Minn.  Decem- 
ber, 1892. 

•Charles  Schabffer,  M.  D.,  1309  Arch  St.,  Philadelphia,  Pa. 

Charles  Schuchert,  Washington,  D.  C;  Assistant  Curator  in  Paleontology,  U.  S. 
National  Museum.     August,  1895. 

William  B.  Scott,  M.  A.,  Ph.  D.,  56  Bayard  Ave.,  Princeton,  N.  J.;  Blair  Professor 
of  Geology  in  College  of  New  Jersey.     August,  1892. 

Henry  M.  Seely,  M.  D.,  Middlebury,  Vt;  Professor  of  Geology  in  Middlebury 
College.    May,  1889. 

Alfred  R.  C.  Selwyn,  C.  M.  G.,  LL.  D.,  Ottawa,  Canada.     December,  18S9. 

♦  Nathaniel  8.  Shaler,  LL.  D.,  Cambridge,  Mass.;  Professor  of  Geology  in  Har- 

vard University. 

Will  H.  Sherzer,  M.  S.,  Ypsilanti,  Mich.;  Professor  in  State  Normal  School.  De- 
cember, 1890. 

♦Frederick  W.  Simonds,  Ph.  D.,  Austin,  Texas;  Professor  of  Geology  in  Univer- 
sity of  Texas. 

♦Eugene  A.  Smith,  Ph.  D.,  University,  Tuscaloosa  Co.,  Ala.;  State  Geologist  and 
Professor  of  Chemistry  and  Geology  in  University  of  Alabama. 

James  Pbrrin  Smith,  M.  S.,  Ph.  D.,  Palo  Alto,  California;  Assistant  Professor  of 
Paleontology,  Leland  Stanford  Jr.  University.     December,  1893. 

♦John  C.  Smock,  Ph.  D.,  Trenton,  N.  J.;  State  Geologist. 

Charles  H.  Smyth,  Jr.,  Ph.  D.,  Clinton,  N.  Y.;  Professor  of  Geology  in  Hamilton 
College.     August,  1892. 

Henry  L.  Smyth,  A.  B.,  Cambridge,  Mass.;  Instructor  in  Mining  Geology  in 
Harvard  University.    August,  1894. 

♦J.  W.  Spencer,  A.  M.,  Ph.  D.,  1320  Corcoran  St,  Washington,  D.  C. 

JosiAH  E.  Spurr,  a.  B.,  a.  M.,  Gloucester,  Mass.     December,  1894. 

Joseph  Stanley-Brown,  1318  Massachusetts  Ave.,  Washington,  D.  C.    August,  W'2. 

Timothy  William  Stanton,  B.  S.,  U.  S.  Geological  Survey,  Washington,  D.  C; 
Assistant  Paleontologist  U.  S.  Geological  Survey.    August,  1891. 

♦  JofiN  J.  Stevenson,  Ph.  D.,  LL.  D.,  University  of  the  City  of  New  York;  Pro- 

fessor of  Geology  in  the  University  of  the  City  of  New  York. 
Joseph  A.  Tafp,  B.  S.,  Washington,  D.  C;  Assistant  Geologist  U.  S.  Geological 

Survey.     August,  1895. 
Ralph  S.  Tarr,  Cornell  University,  Ithaca,  N.  Y.;  Assistant  Professor  of  Geologj'. 

August,  1890. 
Frank  B.  Taylor,  Fort  Wayne,  Ind.     December,  1895. 

♦  Asa  Scott  Tiffany,  901  West  Fifth  St.,  Davenport,  Iowa. 

♦Jambs  E.  Todd,  A.  M.,  Vermillion,  S.  Dak.;  Professor  of  Geology  and  Mineralog}' 
in  University  of  South  Dakota. 

♦  Henry  W.  Turner,  B.  S.,  U.  S.  Geological  Survey,  Washington,  D.  C. 
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Joseph  B.  Tyrrbll,  M.  A.,  B.  Sc.,  Geological  Survey  Office,  Ottawa,  Canada; 
Geologist  on  the  Canadian  Geological  Survey.    May,  1889. 

*  Edward  O.  Ulrich,  A.M.,  Newport,  Ky.;  Paleontologist  of  the  Geological  Survey 

of  Minnesota. 

*  Warren  Upham,  A.  M.,  Librarian  Minnesota  Historical  Society,  St.  Paul,  Minn. 
♦Charlrs  R.  Van  Hise,  M.  S.,  Madison,  Wis.;   Professor  of  Mineralogy  and 

•  Petrography  in  Wisconsin  University;  Geologist  U.  S.  Geological  Survey. 

♦Anthony  W.  Voqdks,  Alcatraz  Island,  San  Francisco,  Cal.;  Captain  Fifth  Artil- 
lery*, U.  S.  Army. 

♦Marshman  E.  Wadsworth,  Ph.  D.,  Houghton,  Mich.;  State  Geologist ;  Director 
of  Michigan  Mining  School. 

*  CiiARLEs  D.  Walcott,  IJ.  S.  National  Museum,  Washington,  D.  C.;  Director  U.  S. 

Geological  Survey. 

Walter  H.  Wkkd,  M.  E.,  TJ.  S.  Geological  Survey,  Washington,  D.  C.    May,  1S89. 

Lewis  G.  Westgate,  1303  Chicago  Ave.,  Evanston,  111.    August,  1894. 

Thomas  C.  Weston,  Ottawa,  Canada.     August,  1893. 

David  WiirrE,  U.  S.  National  Museum,  Washington,  D.  C;  Assistant  Paleontolo- 
gist, U.  S.  Geological  Survey,  Washington,  D.  C.    May,  1889. 

•IsRAKL  C.  White,  Ph.  D.,  Morgantown,  W.  Va. 

♦Charles  A.  Whfte,  M.  D.,  U.  S.  National  Museum,  Washington,  D.  C;  Paleon- 
tologist U.  S.  Geological  Survey. 

Joseph  Frederick  Whiteaves,  Ottawa,  Canada ;  Paleontologist  and  Assistant  Di- 
rector Geological  Survey  of  Canada.    December,  1892. 

*  Robert  P.  Whitfield,  Ph.  D.,  American  Museum  of  Natural  History,  77th  St. 

and  Eighth  Ave.,  New  York  city ;  Curator  of  Geology  and  Paleontology. 

*  Edward  H.  Williams.  Jr.,  A.  C,  E.  M.,  117  Church  St,  Bethlehem,  Pa.;  Pro- 

fessor of  Mining  Engineering  and  Geology  in  Lehigh  University. 

*  Henry  S.  Williams,  Ph.  D.,  New  Haven,  Conn.;  Professor  of  Geology  and  Paleon- 

tology in  Yale  University. 
Bailey  Willis,  U.  S.  Geological  Survey,  Washington,  D.  C.     December,  1889. 
♦Horace  Vaughn  Winchell,  1306  S.  E.  7th  St.,  Minneapolis,  Minn.;  Assistant 

on  Geological  Survey  of  Minnesota. 
♦Newton  H.  Winchell,  A.  M.,  Minneapolis,  Minn.;  State  Geologist;  Professor 

in  University  of  Minnesota. 
•Arthur  Winslow,  B.  S.,  Roe  Building,  5th  and  Pine  streets,  St.  Louis,  Mo. 
John  E.  Wolff,  Ph.  D.,  Harvard  Univereity,  Cambridge,  Mass.;  Assistant  Pro- 
fessor in  Petrography,  Harvard  University.     December,  1889. 
Robert  Simpson  AVoodward,  C.  E.,  Columbia  College,  New  York  city;  Professor 

of  Mechanics  in  Columbia  College.    May,  1889. 
Jay  B.  Woodworth,  B.  S.,  Cambridge,  Mass.;  Instructor  in  Harvard  University. 

December,  1895. 
Albert  A.  Wright,  A.  B.,  Ph.  B.,  Oberlin,  Ohio ;  Professor  of  Geology  in  Oberlin 

College.     August,  1893. 
*G.  Frederick  Wright,  D.  D.,  Oberlin,  Ohio;  Professor  in  Oberlin  Theological 

Seminary. 
Lorenzo  G.  Yates,  M.  D.,  Los  Angeles,  Cal.    December,  1889. 
William  S.  Ybates,  A.  B.,  A.  M.,  Atlanta,  Ga.;  State  Geologist  of  Georgia.   August, 

1894. 
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*  Indicates  Original  Fellow  (see  article  III  of  Constitution) 

♦  Charles  A.  Ajshburner,  M.  S.,  C.  E.     Died  December  24,  1889. 
Amos  Bowman.    Died  June  18,  1894. 

*J.  H.  Chapin,  Ph.  D.    Died  March  14,  1892. 

Gbobgk  H.  Cook,  Ph.  D.,  LL.  D.     Died  September  22,  1889. 

Antonio  del  Castillo.    Died  October  28,  1895. 

♦Jambs  D.  Dana,  LL.  D.    Died  April  14,  1895. 

♦Albert  E.  Foote.    Died  October  10,  1895. 

♦  Robert  Hay.    Died  December  14,  1895. 

David  Honeyman,  D.  C.  L.    Died  October  17,  1889. 

Thomas  Sterry  Hunt,  D.  So.,  LL.  D.    Died  February,  1892. 

♦Henry  B.  Nason,  M.  D.,  Ph.  D.,  LL.  D.,  Troy,  N.  Y.    Died  January  17, 1895. 

♦John  S.  Newberry,  M.  D.,  LL.  D.    Died  December  7,  1892. 

♦  Richard  Owen,  LL.  D.    Died  March  24,  1890. 
Charles  Wachmuth.    Died  February  7,  1896. 
♦George  H.  Williams,  Ph.  D.    Died  July  12,  1894. 
♦J.  Francis  Williams,  Ph.  D.    Died  November  9, 1891. 
♦Alexander  Winchell,  LL.  D.    Died  February  19,  1891. 

Summary 
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Deceased  Fellows 17 
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(c)  Asia^ ^ ^ ^ M4 

(d)  Australasia « ^ „ M4 

(B)  From  state  geological  surveys  and  mining  bureaus.^ M5 

(C)  From  scientific  societies  and  institutions .'. M5 

(a)  America ^ 546 

(6)  Europe.^ , ^ 646 

(c)  Australia « « 646 

(/>)  From  Fellows  of  the  Geological  Society  of  America  (personal  publications) 646 

{B)  From  miscellaneous  sources. 647 


{A)  From  SociiniRs  ai^o  Ixstitittions  rbcsivinq  thb  Bullbtin  as  Donation 

("EXCHANGBS")* 

(a)  AMERICA 
NEW  YORK  STATE  MUSEUM,  ALBANY 

937-943.  Annual  Reports,  Nos.  41  (1887)^7  (1893). 

BOSTON  SOCIETY  OF  NATURAL  HISTORY,  BOSTON 

5.  Proceedings,  vol.  xxvi,  part  4,  Nov.,  1894-May,  1895,  pp.  393-562. 

CHICAGO  A(^ADEMY  OP  SCIENCES,  CHICAGO 

833.  Bulletin,  vol.  i,  Nos.  i-x,  1883-1886,  pp.  1-118. 

834.  "  *•    ii,  Nos.  i,  ii,  1891-1895,  pp.  1-189. 

946.  Thirty-eighth  Annual  Report,  1895,  pp.  1-16. 

FIELD  COLUMBIAN  MUSEUM,  CHICAGO 

1000.  Publication  3,  Geological  Series,  vol.  i.  No.  1,  Aug.,  1895. 

1001.  "         5,  7,  Zoological  Series,  vol.  i.  No.  1,  Oct -Nov.,  1895. 

1002.  *'         6,  Report  Series,  vol.  i.  No.  1,  Oct..  1895. 

CINCINNATI  SOCIETY  OF  NATURAL  HISTORY,  CINCINNATI 

836-852.  Journal,  vols,  i-xvii,  1878-1894  (excepting  pp.  71-160,  vol.  iii). 

COLORADO  SCIENTIFIC  SOCIETY,  DENVER 

853.  Proceedings,  vol.  iv,  1891-1893,  pp.  i-xxix  -f  1-456. 

854.  Nine  separate  papers,  1894-^95. 

947.  Two        '*  **        dates,  Oct.  7  and  Nov.  4,  1895. 


*Thl>*  list  includes  only  those  **  exchanges  '*  from  which  some  gift  has  been  received  during  the 

""•  (639) 
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NOVA  SCOTIAN  INSTITUTE  OP  SCIENCE,  HALIFAX 

948.  Proceedings  and  Transactions,  vol.  viii,  part  4,  1895,  pp.  381-470. 

MUSED  DE  LA  PLATA,  LA  PLATA 

855-860.  Revista,  Tomos  i-vi,  1890-1895,  royal  8vo. 

861-863.  Anales,  Palentologia,  Argentina,  parts  i-iii,  1890-1894,  130  plates,  folio. 

864.  '*       Seccion  de  Arqueologia,  parts  ii,  iii,  1892,  pp.  1-12,  folio. 

865.  "  "        "  Historia  General,  part  i,  1892,  pp,  1-11, 10  plates,  folio. 

866.  "  "        **  Geologica  y  Mineralogica,  part  i,  1892,  pp.  1-20,  folio. 

867.  *'  *'        **  Zoologica,  part  i,  1893,  pp.  1-7,  2  plates,  folio. 

868.  Le  Mus^e  de  la  Plata,  par  Francisco  P.  Moreno,  1890,  pp.  1-31. 

869.  The  La  Plata  Museum,  by  R.  Lydekker,  1894,  pp.  1-21. 

870.  Atlas  Geografico  de  la  Repiiblica  Argentina,  4  maps. 

« 

NATURAL  HISTORY  SOCIETY,  MONTREAL 

871.  Canadian  Record  of  Science,  vol.  vi,  Nos.  1,  2, 1894,  pp.  1-115. 

NEW  YORK  ACADEMY  OK  SCIENCES,  NEW  YORK 

21.  Annals,  vol.  vii  (Index),  1895,  pp.  654-668. 

22.  "  "     viii,  Nos.  5-12,  1895,  pp.  233-838. 

951.  Transactions,  vol.  xiv,  1894-1895,  pp.  1-281,  49  plates.     Catalogue  of  ex- 
hibits March  13,  1895. 
966.  Memoir  I,  part  i,  1895,  pp.  1-105,  folio. 

AMERICAN  GEOGRAPHICAL  SOCIETY,  NEW  YORK 

717.  Bulletin,  vol.  xxvi.  No.  4,  part  2,  1894,  pp.  i-xlix. 

872.  *'  "     xxvii,  Nos.  1-4,  1895,  pp.  1-442. 

AMERICAN  MU-iEUM  OF  NATURAL  HISTORY,  NEW  YORK 

873.  Bulletin,  vol.  vi,  1894,  pp.  1-384. 

874.  Annual  Report  of  the  President,  etc.,  1894,  pp.  1-76. 
944.  Bulletin,  vol.  vii,  1895,  pp.  1-388. 

GEOLOGICAL  SURVEY  OP  CANADA,  OITAWA 

877.  Paleozoic  Fossils,  vol.  iii,  part  ii,  pp.  45-128. 

953.  Contributions  to  Canadian  Paleontology,  vol.  ii,  part  1,  pp.  1-66. 

ACADEMY  OF  NATURAL  SCIENCES.  PHILADELPHIA 

878.  Proceedings,  vol.  1895,  parts  i-iii,  pp.  1-386. 

AMERICAN  PHILOSOPHICAL  SOCIETY,  PHILADELPHIA 

879.  Proceedings,  vol.  xxxii,  1893,  pp.  1-647. 

39.  **  '*     xxxiii,  part  3,  1894,  pp.  261-377  +  12. 

880.  **  **    xxxiv,  Jan.  to  Dec.,  1895,  pp.  1-334. 

CALIFORNIA  ACADEMY  OP  SCIENCF^  SAN  FRANCISCO 

205.  Protreedings,  vol.  iv,  part  2,  1895,  pp.  463-660. 

956.  "  **    V,  part  1,  1895,  pp.  1-784,  75  plates. 
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NATIONAL  GEOGRAPHIC  SOCIETY, 


WASHINGTON 


726.  National  Geographic  Magazine,  voL  vi,  1895,  pp.  239-291  -f  i-lxxxiii. 
958.        "  "  "  *'    vii,  1896,  Nos.  1-3,  1896,  pp.  1-124. 


UNITED  STATES  GEOLOGICAL  SURVEY, 

881.  Foarteenth  Annual  Report,  1892-*93,  part  i,  pp.  1-321. 

882.  "  "  "  **  *•    ii,  pp.  1-597. 
961-965.  Bulletin,  Nop.  118-122. 

959-960.  Monographs  XXIII-XXIV. 


WASHINGTON 


(b)  EUROPE 

KONIGLICM  PREUSSISCHEN  GEOLOGISCHEN  LANDESAN- 
STALT  UND  BERGAKADEMIE, 

883.  Jahrbuch,  Band  xiv,  1893. 

OEOGRAPHISCHEN  GESELLSCHAFT. 

884.  Jahresbericht  XIII,  1894,  Heft  ii. 

R.  ACCADEMIA  DELLE  SCIENZE  DELL'  ISTITUTO  DI 
BOLOGNA, 

885.  Memorie,  Serie  v,  Tomo  iii,  1893,  pp.  1-280,  4to. 

SOCI&TE  BELGB  DE  GEOLOGIB  DE  PALEONTOLOGIE 
ET  D'HYDROLOGIK, 

423.  Bulletin,  Tome  viii,  Fasc.  ii-iii,  1894. 

MAGYARHONI  FOLDTANI  TARSULAT, 


359.  Foldtani  Kozlony,  xxiv,  Kotet,  1894. 

886.        "  ."         XXV,  Kotet,  1-10  Fuzet,  1895. 


NORGES  GEOLOGISKE  UNDBRSOGELSE. 

967-974.  Pamphleto,  Nos.  10-17,  1893-1895. 

ACADEMIE  ROY  ALE  DES  SCIENCES  ET  DBS 
LETTRES  DE  DANEMARK, 


431.  Oversigt  i  Aaret  1894,  No.  3. 
887.        •*        "     •'     1895,  Nos.  1,  2. 


BERLIN 


BERNE 


BOLOGNA 


BRUSSELS 


BUDAPEST 


CHRI8TIANIA 


COPENHAGEN 


NATURWISSENSCHAFTLICHEN  GESELLSCHAFT  ISIS,  DRESDEN 

313.  Sitzungsberichte  und  Abhandlungen,  Jahr.  1894,  Juli-Dec. 
888.  "  *'  **  **      1895,  Jan.-June. 


NATURFORSCHENDEN  GESELLSCHAFT, 

975.  Berichte,  Band  ix,  i-iii  Heft,  1894-1895. 

LXV—BuLL.  Gbol.  Soc.  Ax.,  Vol.  7,  1896. 


FREIBURG  L  B. 
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K0NIGLICH-SACHSI8CHE  GESELLSCHAFT  DER 

WI8SENSCHAFTEN.  LEIF81C 

321.  Berichte  iiber  die  Verhandlungen  Matheniatische-Physische  Claase,  1894, 
ii-iii,  pp.  135-343  +  xxiv. 

889.  Berichte  iiber  die  Verhandlungen  Mathematiflche-Phyaiache  Oasee,  1895, 

i-iv,  pp.  1-488. 
325.  Abbandlungen  der  Mathematische-Physiache  Classe,  Bande  xxi,  18^, 
Nob.  3-6,  pp.  43-504. 

890.  Abliandlungen  der  Mathematiache-Physische  Claase,  Bande  xxii,   1895, 

Noa.  i-v,  pp.  1-420. 


»  w 


80GIETE  GEOLOGI()UE  DE  BELQIQUE,  LIEGE 

426.  Annales,  Tome  xx,  3*  Liv.,  1892-'93. 

427.  '*  '*      xxi,  3«  Liv.,  1893-'94, 

891.  "  "     xxii,  l"  Liv.,  1894-'95. 

SOCI&T&  GEOLOGIQaE  DU  NORD,  LILLE 

976.  Annalea,  xxii,  1894,  pp.  1-352,  9  platea. 

GEOLOGICAL  RECORD,  L0ND05 

977-984.  Eight  volumes,  1874-1884. 

GEOLOGICAL  SOCIETY,  LONDON 

892.  Quarterly  Journal,  vol.  li,  parta  1-4,  1895. 

893.  Geological  Literature  added  to  the  Geological  Society's  Library,  July- 

Dec,  1894,  pp.  1-58. 
945.  Quarterly  Journal,  vol.  lii,  part  1,  1896. 

949.  Geological  Literature  added  to  the  Geological  Society'a  Library  daring  the 

year  1895,  pp.  1-157. 

GEOLOGISTS'  ASSOCIATION,  LONDON 

894.  Proceedinga,  vol.  xiv,  parts  1-6,  1895-1896,  pp.  1-264. 
1026.  List  of  Members,  Feb.,  1896,  pp.  1-36. 

SOCIETA  ITALIANA  DI  SCIBNZE  NATURAL^  MILAN 

895.  Atti,  vol.  XXXV,  Faac.  1-4,  1895,  pp.  1-320. 

896.  Memorie,  Torao  v,  1895,  pp.  1-215,  4to. 

RADCLIFFLE  LIBRARY.  OXFORD  UNIVERSITY  MUSEUM,         OXFORD 

897.  Catalogue  of  books  added  to  the  Library  in  1894. 

ANNALE3  DES  MINES,  PARIS 

349.  Annalea,  Tome  vi,  Liv.  12,  1894. 

898.  *'  *'      vii,  Liv.  1-6,  1895. 

899.  "  '*      viii,  Liv.  7-11,  1895. 

950.  "  "      ix,  Liv.  1,  1896. 
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COMPTOTR  GEOLOOIQUE  DE  PARIS,  PARtS 

342.  Annuaire  Geolo^ique  Universel,  Tome  x,  Fasc.  2-4,  1895,  pp.  158-672. 

900.  Balletin  Trimestriel,  No.  2,  Dec.,  1894. 

901.  "  "  No.  3,  July-Sept.,  1895. 


SOCI&rE  OEOLOOIQUE  DB  FRANCE. 

354.  Bulletin,  3d  S6ri6,  Tome  xxii,  1894,  Noe.  9,  10,  pp.  529-748. 

902.        "  "      «*      Tome  xxiii,  1895,  Nos.  1-7,  pp.  1-544. 

985.  Compte-rendu  des  Seances,  1895,  3d  S4rie,  Tome  xxiii,  pp.  ccviii. 

REALB  COM [TATO  OEOLOGICO  D'lTALIA. 

408.  BoUettino,  Vol.  xxv,  1894,  N.  4. 

'*    xxvi,  1895,  N.  1-4. 


PARIS 


903. 


(I 


SOCIETA  OEOLOOrCA  ITALIANA, 

412.  BoUettino,  vol.  xiii,  1894,  Fasc.  3,  pp.  203-314. 
904.  "  "    xiv,  1895,  Fasc.  1,  2,  pp.  1-324. 


ACADiSMIE  IMPERIALE  DES  SCIENCES, 

905.  Bulletin,  v*  S^rie,  1894,  vol.  i,  Nos.  1-4,  4to. 

906.  "  *'     '*     1895,  vol.  ii,  Nos.  1-5,  4to. 

907.  M^moires,  viii*  S^rie,  1894,  vol.  i,  Nos.  1-3,  4to. 
986.  Bulletin,  v«  S^rie,  1895,  vol.  iii.  No.  1. 

COMIT^  OBOLOGIQUE, 

371.  Bulletin,  1893,  vol.  xii,  Nos.  8,  9. 

908.  "         1894,  vol.  xiii.  Nos.  1-9. 

909.  Supplement  to  vol.  xiii,  1893. 

279.  M^moires,  vol.  viii,  No.  3,  1894,  4to. 

380.  *'  "    ix,  Nos.  3,  4,  1894-*95,  2  plates,  4to. 

381.  *'  "    X,  No.  3,  1895,  23  plates,  4to. 

910.  '*  "    xiv,  Nos.  1,  3,  1895,  5  plates,  4to. 
988.  Bulletin,  vol.  xiv,  Nos.  1-5,  1895. 


ROME 


ROME 


ST  PETERSBURG 


ST  PETERSBURG 


RUSSICH-KAISERL1CHRN  MINERALOGISCHEN 
GESELLSCHAFT, 
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